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possible, as tirs · aug._. a ted by J. Pasta, to concet ve ot a computer vi th 

" tairly large number ot arithmetical units, say a tev hundred, it not 

a tev thousand. Such capabilities must alter our traditional approaches 

to solutions ot numerical problems, especially in the tield ot partial 

d1tterential equations. 

~· For many app' loationo of !1-~nte >rto-7ype ,~;roblems, the structure 

o1' :rith::-."._:, •.nits is not ~ery etfloien·o. I., '"oat applications 10 to 

12 b! ts ·:: ··,; c.t-,:r u.:;~~lly sutrtee . :. J bi t3 t>.at :o.re usuall,y 

available arc qu:te unnecessar,y • 

.£. Faster and morP. complex COIII?uters are being designed to extend 

the range ot tractable problems. For none ot the computers being com-

mercially produced has the question been raised ot the signif'icmce; i.e., 

number ot meaningful b1 ts, 1n th-. ansver or ansvers. One may i.magine 

that an ac e.:table pr:: .dur · ... ::t be to describe a number, not only 

as a 1': .:t.on and an osscchc"' .xponent, but vith an "index ot s1g-

n1t1can ·e·•. Thin bl'Ute t~rce approach clearly involves more hardvare 

it n·' ccc.:;>letely dear 'JI'.at the appropriate rules should be. Some 

s :_;g st1on: h11ve alre:>•ly be~n made, but more study is necessary. 

Gener~l R~commendation 

It is stron~ly recomm nded that a grou~ be termed to study these 

ro'.lle·:o and vork out a i as1cally 1\f''J attack on them. It ill necessary 

... ,,, grou~· :n• "' •e not ollly mathematicians and engineers, but 

Appendix ''A" 
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PROJECT 137 

IDENTIFICATION OF c:ER1'AIN CURRENT DEFENSE 
~BI.Do!S AND POSSIBLE MEANS OF SOLUTION 

StlMMAR'l AND RECCJo!MENDATIONS 

Introduction 

On J\117 8, 1958, the Advanced Research ProJects Agency, with the 

approval ot the Secretary ot Detense, asked the Institute tor Detense 

Analyaea to aet up a Study Work Group, ProJect 137, • ••• to identif1 

problema not nov receiv1Dg adequate attention vhere science can con-

tribute vitally to national security and to recommend agreed technical, 

and perhaps organhatioll!'~, means tor the solution ot these problema. • 

Tventy-tbree scientists took part in the vork ot the group during the 

tbree-veek period, July 14th - August 24. Through the active coopera

tion ot ~he Ottiee ot the Secretary ot Detense and the Azm71 Bevy and 

Air Fore~, the group hea.rd outst~diDg presentations by responsible 

men on detense proble:s selected tor their urgency. As a result ot 

these prP.sentationa and their ovn discussions and calculations, tb~ 

members ot ProJect 137 make the tollowing recomcendations: (U) 

A. AREAS ORLY SLIGHTLY DEVELOPE!l IR CC»:!P ARISON '1'0 
TI!EIR CORCEIV ABLE APPLICA.."''ORS '1'0 DEFENSE 

A-1. Ch~eal Sena~ 

Teebn11UeS exist to detect and identity speeitie substances at a 

distnn:e Vi'.h tantast!e 3en~1ttv1ty. These techniques can be greatly 

improved. ~ortant mJlitary appl1cat1~D3 can be visualized, 

- 1 -
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auch as detel"'llin1116 t;ypea and numben ot uchinea in the Yic1hit;y, IIIIV 

t;ypea ot tuds in use, b:uman concentrationa, and gett1116 adv~ce warn• 

ill6 ot CW and BW attack. An intensive survey ot the field ahould be 

Jll&de, Aasumi~~o~ that it contil"lllll the promise as nov aeen, recolll!lenda

tions should be lll&de tor research v1 thin existill6 govermnent l&bora

tories and tor contracts to universities and reaearch foundations. Aa 

promisill6 leads develop, a more concerted ettort .abould be lll&de to 

bring them into practical application by agencies ;yet to be defined. (~) 

A-2. Information Transmission by Chemical Sensing 

Coded putts ot radioactivity or chemicals emitted into the atmoa

phere by a "transmitter" and detected by a "r,.r.eiver" otter means (1) 

to transmit coJed messages that are obliterated be;yond specified dia

tances and (2) to gs.in nev information about microzceteorolog;y. Both 

applications should be given attention by the person or agenc;y that 

intensively surreys the vhole tield ot chemical sensill6. (S) 

A-3. Fuel 

Fuel and the tuel supply line interpose massive obstacles against 

the high mob1lit;y demanded by nuclear vartare, and give povertul mot1-

vatien to produce tuel on the spot. The ultimate a;ystem --·110t feasible 

today -- would use small ~~~<:t.1le nuclear reactors to generate tuel trom 

air or vater, or regenerate a deactivated tuel, tor driv1116 the Yehiclea 

in the vicinity. Such a system might cut dovn the tuel suppl;y problem 

by an order ot mspi tude. With this au in viev, an awropriate asency 

should (1) aeek out the most advanced thinkins at AEC laboratories and 

- 2 -
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elsewhere on small mobile nuclear reactors suitable to senerate h1dro· 

sen trom water or resenerate deactivated electrochemical tuels, (2) 

take a new look at liquid hydrosen as a tuel tor ex1st1ns ensinee, 

· (3) work towards conceptual desisn and evaluation ot a resener~tiv'!l 

electrochemical tuei or other advanced tuel e:ystl!lll b:y etilllulatins 

relevant advanced thillkins and work on (a) reactor teclmoloS)", (b) 

energ:y storase, (c) electrolytic cella, (d) electrochl!lllical tuel senere• 

tion, and (e) tuel utilization. Th1e ebould be accomplished throush 

vbatever steps are needed in the va:r ot coDterencee, work-etud7 sroup•, 

arransements with sovernment laboratories and outside contracts. (S) 

A-4. Transmission ot Energy through Space 

Some encourasicg vork has been done on Jlectromasnetic and other 

methods ot transmission ot enerS)" throush space, and ideas are 1.n cir· 

culation tor more basic approaches to t;his probll!lll. It 11 pertectl:y 

conceivable that one or another or these approaches will have a vital 

application such as: suppl:y or power to torvard combat locations; 

operation ot drones tor reco~ssance or tor brute blockins ot ballistic 

missiles; or destruction ot targets on the srCUDd or in the air. (S) 

In viev ot the t'wldamental importance or a vorkable e:ystem ot 

enerS)" transmission, the present status or this tield ot work ehould 

be thoroushl:Y reviewed, a work-stud:y conference should be called to 

senerate nev ideae and to arrive at a tirst assessment ot the areas 

most promisins tor tuture vork •• parUcula:l:y work ot a trul:y 

• 3 . IDA-ARPA S·l 



pioneeri~~g character -- and steps should be takPn to aupport INCh vork 

and capitalize on it. 

A-5· Atomic Collision Cross Sections 

IntensiTe AEC support ot nuclear cross-section measurements baa 

given tor atomic nuclei a vealth ot data ess~ntial tor desiSD ot nuclear 

devices. llo similar vealth ot reaction cross-section data is available 

tor the much older tield ot atomic &lid nuclear physics despite its 11111ch 

vider tield ot application: to communications systems; to missile nose 

cone physics; to plasma e~~g111eeriq; to controlled thermonuclear re

actions; &lid to chemical reacttons 111 gases. It is recommended that an 

appropriate agency sponsor a program tor the study ot atomic collision 

cross sections. (U) 

A-6. Matter under ExceedinglY High Pressure 

Recent vork discloses that some non-metals take on metallic cbar

e::<;eris~lcs at ultra high pressures. Further torvard-looking vorlt 111 

this tield may open a vbole nev realm ot solid state physics &lid pbysical 

chemistry, vith conceivable applications to nev types ot high eners7 

tuel compounds, and is therefore vorthy ot support by an appropriate 

agency. (U) 

A-7· Intense M8guet1c Fields 

There 1s evidence ot subst!Ultial Russian activity 111 the area ot 

intense m&8Jiet1c fields. It stro11g fields ]:.., 106 gauss can be achiend 

- 4 - IDA-ARPA 8-1 



this v1ll have important scientific and tec~logical consequences. 

A S)"lllppeium on this topic should be arranged soon in order to eDla.rae 

the very small number ot scientists in the Western vorld active in 

this area. (S) 

A-8. Formation ot Concepts out ot Data, and Systems Reliability 

A m1l1 tary action is under va:f· Information comes in ot many 

kinds and ot quite variable reliability. lleither in this instance 

nor in general does rm:f electronic computer 1 present or planned, lalow 

how "intelligently" to toniiLilate a1gnit1cant concepts and conclusions 

out ot a massive volume of information, most ot it irrelevant and 

part of it erroneous. It is a matt~r ot great importance to many 

aspects ot national defense to develop a theory tor the formation ot 

concepts under such circumstances, and tor the construction ot a 

reliable system out ot unreliable components. An appropoJ•+e agency 

should sponsor advanced vork in this field by one or more conferences, 

by contracts, and by such nev comp~tation laboratory facility as seems 

appropriate; and should systematically survey the field ror urgently 

important defense applicat1ons. (S) 

A·9· ARPA and the Social Sciences 

The developme:lt of more and more weapons systei:IS does not con· 

tribute towards the solution ot basic social and policy problems; 

rather these developments create new problems. The pay-ott from con· 

tribuUons that can be made by social science may be Greatly in ex

cess ot that derived from more hardware development. Hence social 
- 5 -
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scientists abould be brought into dt!tenae problema IIlLlCh 1110re tlwl il 

nov the ca.se. Progresa could be made ill thta direction by aelect1ng 

tor ARPA support certain fields already recommended as highly important · 

by the SubcOIIWittee on Social Sciences and by the Ad Hoc Advisoey 

Group on Psychology and Social Sciences or the Office or the Aasistant 

Secretary ot Deten3e tor Research and Eng1neer111g. (U) 

A-10. Military Exploitation ot Basic U.S. and USSR Differences 

Differences not ollly 111 pol1 tical ideology but also in the 

pb;ysical., economic and social setup d1sUngu1sh the U.S. trom the 

Soviet Union. It should be investigatt!d wb!ch ot these differences 

can be exploited to our advantage, tor exB~:~ple by the design ot 

weapons syste:ns vllich are 1110st d!sadvll.lltsgeous tor the Russians to 

counteract; tor exB~:~ple, by imposing a heavy economic strain ill par-

t1cularly vulnerable areas or exploiting the long vinters ill Russia. 

There is strong reason to believe that a systematic exploration ot 

this area could yield surprising nev ideas. It is recommended that 

an appropriate agency sponsor a vork-study group ill this tield. (S) 

B. EN11'IROID!EllT ANAI:!S!S 

B-1. The Physical Enviromer.t ot. Military Operations 

All vespons systems depend O::l the physical e:1.v1ronment in vllich 

the-J' are to be used. It 1s not &u!t1c1ent to know tl::e weapon alone, 

it is necessary to broaden and deepen our knovledge ot the respective 

environment. This is particularly true regarding space, the oceans, 

- 6 - IDA-ARPA S-1 

-~--- ~- ~·· 



and radiological fallout. We llllov too 1.1 ttle about the upper atmepbere 

and about propagation of d~ctromagn~uc 1~1at1on in apace. Maey 

weapons systems under dtscuoslon nov d~~~d vitally on an increase ot 

our ltn:>vledge of thoese matt~r&. SiliiJ.lar observations apply to the 

oceans, the ocean floers, and m~teorology int~rnal to the ocean. The 

instrumentation tor fallout 111 the hands of the Ar=y and Civil Defense 

1S inadequate and so 1s the ku>vl~dge of th" cOliii!W:>n man about bov to 

use it. ARPA is urged to pay great att~nt1on to this vbole complex 

of questions. For tl'.:.s purpos .. ARPA mlgl:..t well consider sponsoring 

many of the tunet1ons of the lGY. (S) 

B-2. Radiological !'.app~np, at:d Corn!:> at 3•J!"V< lllance 

!n futur• conflicts battlefields VJ.ll h3ve to be surveyed not 

only optically, bu' tadlolcgtoally. wr,~le &ys~~ are proposed tor 

this purpose, they are toe complteat~d anj do not give intor.zation to 

the local commander of soall ~its. ~L •s possible to introduce fairly 

crude, but cheap and s~ple 1nst~n~& vttt vtioh even platoon or 

company co=snders car. detH::.~• ra.l1at1o;; l<;vols ""'d thereby guide 

tlleir men safely. Strcog e!:!pt.:!SlS sbouli t• g1ve::. 111· current planning 

tc radiological mappiL<; e.r..O. col:l!:>at S'JIV•llla.:.:•. (S) 

B-3. Statistical Dat~ to Pl~~ Fallo~t A;so:lat•d vith Use of Atomic 
Weapons by Argz G;o~d Forces 

Hov to lay Jovn tol!IOr:o·_. a desirod ;:.u-:.~rn of fallout ·is 11:1-

portant for 8:1 a;r,~ oollll!l3lld~r Ju.:~t as !t a l..Cport:lllt for local com-

m:lllders to knov bcv to l~>d their troops sr.:·>ly t.hroue;!!. tod~'s 

~ 
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battlefield radioactivlt~. AD apprcpriate agency should sponsor re1earch 

on: 

!· The ataUsUcal variations ot vinds -- in time, distance, 

and altitude -- &bout the values indicated on the kind of measuring 

equipment that v1ll be used in the field; and on the correlations IUIIOJl8 

such variations; 

!!.• The phnnl Jl8 ot meaaursunts tor this purpose; and 

~· Bov to use the reaultl to tell vhat the military comander 

can do reliably &bout secur1Jl8 a desired fallout pattern. (S) 

B-4. A Radiation Detector tor Fi~ld Use 

A simple method is ree~d~ tor quick conversion ot tield radios 

to superimpose occasional Geiser counter clicks on the normal receiver 

signal so that eomp~ co~ers and possibly platoon commanders vill 

be immediately and autematicall7 varne~ ot a dangercus increase in 

radiation level. (C) 

B-5. Mil1 tary Geophysics 

The Department ot Defense has a vi tal stake in meteorclogy and 

other fields of lllilita.ry g~cpbyoics. Tecilniqo.1es to :predict in combat 

zones like Korea Vhether the second valley ov~r is fogbound or v1ll 

be fogbound in tour hours vould ehar.g~ the outcome or eJl8&gementa. 

The present unsatisfactory state of mlita.ry meteorclogy 1a a reflec

tion ot the retarded and n&rrQV scope of unclassitield meteorclogical 

research. AD apprcpriate uiating agency sl!?uld consult vith Lloyd 

Berkn-.r, and others closely associated Vith advanced thinking in thia 
- 8 -
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t1eld1 to detenai.De vb&t abould be doDe to produce ar:. order of magnitude 

tmproYement 1n the present leYel of torvard-looktns research 1D th1s 

t1eld ar:.d in the UDur.t or ;rouns talent attracted to it. (c) 

B-6. l>etection of Submarines thzoue;h Surface ll:ffects 

Besides the efforts to detect ships and IIUbmariDes acoustic~, 

electromagnetic~, and chemicall)', more attention sbould be given 

to the mech&ZI1cal disturbance of the vater b7 the propeller action. 

These disturbances persist for a long time and it sbould be possible 

to meuure them b7 IIUitable instruments. Even deepl7-11U'bmerged IIUb

marines ~ produce measurabl~ diffUsion of "whorls" to the vater 

liUl"face. Studies of the mechanical properties of the sea nov 1D prcgreae 

ebould be closel7 vatched and ARPA sl:culd be prepared to lend fUrther 

support. (S) 

C. PROJLCTS All!) APPUCATIONS 

C-1. Balloon Attacks and Other No~-c~veDtional WeafODS 

Veey h1gh-fi71ng ballocr:.s, carryicg megaton veapo11s 1 could be 

used b7 :Russia eea111st this coWl'tl')'. Tbey :ould be released in 

Siberia or b7 submarines c.c: tr.e PaeU'1c 1 their 't:ollllls fUzed vith 

intrared to go off over oar 'lties. Even ..u::. sl:ct dow (difficult 

and expensive), the veapo11 cc be set to go off at &117 cbosen alti-

tude. This is the Japanese balloon scheme of World War II vith a 

vengeance. It is easier for :Russia to use it ee~1Dst us than vice versa. 

- 9 - mA-ARPA S-1 



It is an illustration tor the possibility ot ~on-conventional uses ot 

existiQg weapons, a much n~glected field. Satotage, clandestine opera

t:ons against SAt:, and other possibilities bdo--6 in tbJ.s area wbJ.ch 

abuuld be quickly and most tboroughly explored with all the aid science 

can otter, through work-stuoy groups and other effective means. (S) 

C-2. Development ot Breeder Reactors 

The tremendous demands tor nuel~:ar power make it necesaarr rtlr us 

to learn bow to burn all raw materials: not oc.l.7 U-235, but also U-238 

and Th-232. The development ot breeder reactors, especially tor manu

facture in large nu:.bers, is exee~:iiQgly d1tt1c1.1l.t. Rot enough eners;r 

is beiQg <ievoted to ttis ];robbm. Tt.e l..mportance ot nuclear reactors 

tor the long term tuture ot tte tuel logistics problem (A-3) requires 

that a much greater ef!ort be made to dev•lcp breeders based on both 

urani= and tborium. (S) 

C-3. Undersea Beacons 

The great ~eed tor co~ieat1on from deep-lying POLARIS sUbmarines 

to the contl,l:~ntal U.S, ean poss1blyl:e tilled l:yll:ldersea high-power, 

unattended acoust1c beacons. '!be su'tmari~" would cOI!IIIIUDicate to the 

beacon at low lr.tenslty, tt~H-~y prcgrBll:l!l1r.g and tr18ger1Qg a high

intensity output trom t~e teaeo~. Un:iersea beacons could also be used 

tor navigational P\Ul'OSes, by sul.mar!n.os or surface Teasels. The 

beacons car. be powereo ty thermal en~rgy d~~T~d trom tission products 

such as Ce-144 now &Tailatle 11: autt1c1~nt quantities in the E!an1'ord 
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and Savann&b River plant wastes. A conceptual analysis ot such beacon 

17stems abould be Jtade by an appropriate aaency Vi th a new to trial 

use. (C) 

C-4. l'IAUCRATES DUCTOR, ~ Very High-Speed l!ydroJet Torpedo 

A hish probability to kill en~ submari.Des would be prortded b7 

a number ot nuclear-povered torpedoes covering selected sweep paths at 

high speeds, equipped Vith sonar &O!arch1 bom1Ds 1 and other dertcea. 

For this reason, it 1s reco ... ended that an appropriate aaency seek out 

the most advanced thinking at AEC national laboratories and elsewhere 

on ultracompact reactors and make prelim1Dary conceptual design studies 

ot a 100-knot to 250-knot hydroJet torpedo Vith a Tiew to early initiation 

ot turther supporting 1Dvest1gat1ons and evaluation ot a weapons a,-atem 

built on such torpedoes, tor an antisubmarine shield about the U.S. and 

tor other military purposes. (S) 
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D. Continuing Ideot1t1cat1oa ot Important N~ Problema 

The rapiditt ot acieutitic advance and the 4an6era ot the preaent 

interuatioDAl situation dem&ad a deciaivelr new mecb&Dism to promote 

contact 'between the Department :t Detenae and the acieutitic cCIII:I!Ull1t)'. 

A m1l:l.1mum responae to th1a need ia a program ot vork-atudy groupe 

like Project 137 at regular intervale, to i~antity unappreciated and 

important application~ ot ac:1ence; ...,d other more apec1al11ed abort

term groupe to ezplo1t the poaa1b1lit1ea ot apec1tied areaa ot acience • 
. ·· . 

For th1a pgrpoae it 1a rooeOllllleaded that AnA aet v;p a Ccter tor 

Detanae Reaearch Vork·Stud7 Groupe. It 11 &lao auggeeted that ARPA 

consider hov tar it :1116ht 'be rea~..,~le to eDe~ auch a Center 

to evglve tovard8 an Advanced Seeur1t)' R~aearch IlD.IIt1tute, vhere 

ac1eat1ata might go on leave ot abaer.ce tram 1m1vere1t1ea, 1.D4u.lt1'7 

and the OOD laboratories together vuD. opera~1ol:Al militaey pereouuel 

trom the OOD in an atmosphere ot at-.dy to contribute •ugc1rativel;r 

to n&ticma.l. itrength in a tree ~%:8 =ner without caamittin& 

the:meel veo in adva::ee to a.r.y aper.it1c k1:d ot projaet, atter the 

pattem ot the Ir.et1tute tor Advancd St.od.f 10'-&ted at Prill:etOD, !lev 

Jersey. {11) 
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Called in to look tor 1=porta:::t ~a:;-pnciate.i vays to briJ:16 science 
to bear upon de!er.s~, th~ ~em1er~ of ProJect 137 reeeived trom the 
Department of ~t~nse a ~~lc~~ &Ld cccp~rat1on tor vhich they are 
deeply gratetul. The HoDou't'le Neil McE!roy, S~crrtary ot Detense, and 
Mr. Roy Johnson, Director ot ARPA, ~ress1vely stat~d thl urgency ot 
the mission. The progr~ committee ~.i t~e entire vork-study group had 
the tull e.z:.d active coll~o:atiou ot the Ctfiee ct the Secretary ot 
Defense and th~ Army, Navy ar-1 Air Force through the interest ot Lt. 
GenerrJ. Arthur (). Tru.iu1.1, t"hl.et ot Rebear ~.il &:ld Development, U.S. Army; 
Dr. Wn. H. Martin, Director ot ~ Re!e4rch &Ld Development; Honorable 
Garrhon Nortou, Assista."lt Secr~tary ot Navy (Air) e.z:.i his Special 
Assista:::t, James E. Cro~9; Ho::or<lble Richllrl l!'orner, Assistant Secretary 
ot the Air Force tor Research ar:.i D-:nlop:unt; Bc::r.rable Paul Foote, 
Aesist~t Secretary ot Deren&~ tor R~sP-arch ~~ Engineerii:I6J Vice 

_Admiral John H. Sides, Director, e.z:..i Dr. AU ~rt G. Bill, Director ot 
Research, W-.apons Syat•mJ Eva!'-!ation Gro•>p; Major O~neral Jezus 
McCormack, President ot !DA; a&d Dr. Herbe~ York, Director ot the IDA 
Advanced Research PrcJ~ots D~v1s1on. The practical &rT&Il6~ents tor 
briefings a&d tor speclal :or.ta;ta vlt~ ser~i~~ la~cratories as occasion 
arose were handle-1 ..ttl:!er:Hy at.~ moat l:.elpt\:.lly ~Y Lt. Col •. J'amu A. 
Hebbele~ e.z:.i Capta~n Rie~rd Rc!e~~. L~~. as Yell as by the membere ot 
the vork-atuiy g~~¥ !roc tte D~az1~~nt ot D•!ensP, Dr. Ric~ Weiss, 
Dr. J'oacb.im Weyl, Col. T"ylllr !lrysis..le ar:.i ilr. Orr R .. yr.oUs. The 
members or ProJ~ct 137 v~r~ ~•t ~r~5oe~ Yi~~ the high ~111ty and 
sense ot dedieatio~ or t~~ m~: tro~ v~~m ~t~y h~s~l, ani vere most 
conscious of their vita! ecL~:!~utior. to tte work ot the group. To all 
vho hel~ed -- otticlsls of tt~ D~~nr"~•:~ c! De!e~!e, ot~icers ot the 
armed torces, repr:!S~!lt.oi":!.v~J ot !~nice lo:t-o:ator!~a, eo~tributors 
from the National A~~i~y cf S:~on:~~ ani trom otter non-DOD organiza
tions, !DA officers an~ Dr. Jam~~ R. K~ll1~ -- t~e gro~ expresses its 
deep appr~eiatio.-:.. It !3 al~c sr~te!..U. to Col. ~·or.:: W. Ke&t1J:16, 
Executive Otti:er ct the !•s~ ~cr.al W;..;: Co:i.l !I!• r.:i Ml..j::r P11~ A. Baltes 
tor tac1l1ti~s ar.d. aasl~t&::'-'! at F·o:'t 1-!e.!is!r ar..i t:> t"t.~ IDA librarian, 
F. Koether, vto witt tte ccc>•rllt!cc ct many ~~~:1~4 gatb~red together 
there a valua:h vcui::g l :t.r.u7 of :l&;Jltle-d &:.~ =:lassif!e-1 reference 
Mterials. AW.r.tstrat1cr "! tt.e '-"OY~·i!'-'C:Y g:c-..1~ vas 1:1 etArge ot Mr. 
Frank Reyr:olis, As$1sts.r.t ;.!.::.ln~~t:ative C::!'i,er ct IDA/A."fZA. Special 
thanks are ~xpr!Ssed to t.l.m ar.1 to tt~ ~~~~u ot tis atatt vbo vorlte:! 
nights, Saturday$ ar.~ S.mia.y! to r.~lJ; t:.~ t~r"'"'!·. i'lo :ell2.er ot Project 137 
can torg~t tte !pi~!t c! i~d:c&tic~ ~~i:~ a:.~at~1 hie toll~aguea in tbe 
group. All:.ost all l:.a·j T~»rratj!<: p~ar.~. &t Ehc:'t !lCti~_, tQ take part, 
in some eases drastically ~.l!''":li!llr.g J;l6:..~~;! t:.l.•rels cr reer,e.rch and 
teaching sehedul~a, A r•.u:.: •r of' s: io!lti,;ts ~c.u ~ ::.'t t5ke part at such 
short notic~ because cf ;.u.·i-:.'-l ~!rdl:,g ~oc1tcenta !or tt.e p<!riod ot 
the study, but e:q.r~os!-1 tt.~:lr !'o!!t-l1::.e; ~t !h! 1:;;crtE..r.e:e ot the work and 
asked if thty eouli r:--;ut:lt 1l~t ut :::>:t£t: ct!':.~r- tir:t c,:· tn some other 
eonn~et1on. 
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CRE~ION OF PROJECT 137 

The Advanced lle~earch Prcjecto A;;ency came into existence by 

Directive 5105.15 or the Depart . ..,Pnt. of Defense, issued in accordance 

with I'\•blic Law 35-325(-7) of 12 Fcbl"'.:l.ry 1953, with two missions: 

(l) to co.rry out rese::.rch ond deve1opr.~ent "ork on such projects as are 

asoicned to ARPA by the Secretary of Def~nse, and (2) to recommend to 

the s~crctcry of Defense such addition~ projects as are judged 

c.Cvis:l.ble. 
. ·,. 

In accorJ~ce 'nth the first miooion, ~\PA was assigned in the 

spri:>,:; of 1:•5: responsibility for space technolo5y, lldvanced missile 

the Secrct~J cf Defense, A.'>J':, on 3 July 1;158 asked the Institute of 

Dc1enze .!~::.ly!.ieS t:> Jet up 3. :-:o:-::-=· u~y ar~r.J.p, Project 137, "to identity 

probl:2~s not no~; receivin; nCaquate :.·.-:.:!:ntio:t uh~re science can contri-

bute vi ~:>!1y to n:>.":i<:m:U securi ~:r ar.d to rc cc::c":l">nd !lppropriate technical, 

~d per~ps or~~~iz~tion~, ~ea=~ for the :elution ot these problems 

In c.:'l~icl¥:1ti.,n of thi~ f:-ir:::!l ·11:-ec'tl"t<. :DA ~ appointed a pro-

sr~':l co=c:ittee 3 fev ";teeks e:lrlie:-. :;t~isu·d:.-; on 4 .ju:~.e this co~~tet'! 
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scientists to p~rticipat~ in thio vork for th~ three-veek period •• 

14 July • 2 AUu~St 1953. 

The finnl. group (Appenc!ix D: included the leader or the group 

that detected the neutrino; associat~ directors of research or tvo 

large corporo.tions and of one major ~C no.tional laboratory; an 

.· .. ·. 

expert in differential equo.tions; an aerodynamicist; the economist 

vhose vritings revolutionized the concept of opt~ strategy; leaders 

in the chemical separation of plutoni~, in physico.l chemistry, and 

in the develop~cn~ of an~~o.rial drugs; vcr~ers in advanced o.reas 

of theoretical physics and elemen~ary p~rtlcle physics; the statistician 

vho initiated the uJ.tr" li~htweight DA"IY CROC"f.E'IT ato:::ic weapon; a:::l! 

the leading expert on nucleo.r re~ctors, recen•ly president of the 

.~erican Physical Society. ,;11 ~ praviously had c~nt<lct vitb phases 

of national defense. In addition to these 22 mP~ers from outside 

W~shino-ton the group included four experiencee oe:bers fro~ the centers 

of science-~etense pl~1ir~ of the three ~r=e1 s~rvices ar.d tro~ the 

Office of the Assi~tant Secre~ary for Research and Engineering. The 

m3Jority of the 25 p~icipa~ed for the full 3-veek period. All 

metibers vere cleared for o.cccs~ to Top Secret ~terial. 

T"ne Hat1ons.l ~/a.r College I rort Hc:lair I Washi::gton, D. c. I housed 

the vork of Project 137: briefiru~u in the ~r~ir~&; discussions, study 

of report~, cs.lcul~tion~ an~ vritin~ 1r. th~ afternoons • 
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!-lore i1:1portunt to the vorl: of the sroup th'!ll ;,;r.y oth~r oi•..,le fsctor 

vere the outstandina present~tions or urgent isoues made to it by serious 

and responsible men. It cannot be otreo:ed t::>o l:luch 11M.t a poverful 

:lr.lpctus it G~ve to Project 137 scicnti:ts to heru- !r'Y.l ::;en vho kz!ov and 
I 

care deeply nbout defense probleos. I 
I 

To assist the procrarn co~ttee in !ocusing the efforts of the 

group, the services made ~ first selection of issuez, c~~ng to a total 

of $J. From these the progra:n cor.r.tl. ttee ::1::1:!e n second cuch n:u-rover 

selection for the fin~ briefi~~ progr~ (Appe~1ix D). The total n~~er 

of probl~s of deep concern to the sertices is obviously ~ch core t~~ 

" single "..'Ork-stu<ly cr::>up can re·tie'l f::>r un:.:>r!'eci:l.te<! :l.pplic~tio:l: of' 

sciences in a sill(lle three-11eek period. Project 137 can, therefore, l::e 

rc~~ed as a sill(lle s~le vell dril1c1 into nn eno~::>U3 and ever-growing 

oil field. The outpu~ gives an accidtntcl ~~d r~~he: h1t-or-:dss 

cea.~ure of. the auch ::10re :;till under.:rou..,c.. Greet areas vent l!Zlexo::ined#i ·,, 
':'he ere\..~ ._:as re,.;retf\!1 about the :nny C:lto;"tc.=.~it.:; ~re::eot:1tions elre:..~,·::· 

11orked up for Projec~ 137 for vhich 1t '"'c i:pcc~ible to r.1~l<e ti"'e in " ( • . 
• 

pro;r::::: ¥:"O~erly pr~~rtioncd bet..:een he~r!.r~ :L!·i ~10rl:i!1G. 
1 . 
I . 
' f I 

' Speakers with =Y other he:lvy bur·'ler.:; !lccepted ,,'i th ao~d "ill the 
.~ 

cryptic ndvance ndvice, "St1r.lul.:1te cr::>up to in•ter.t ideac and identity 

icoucs i":lpOrt:lnt end ch~lell(ling enou:h to ccrv" 33 r.uc1e1 ::bout wich 
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sub~e~uent scientific wrlt c:m conccnt.r·,te. Cc::::;:unlc:>.te ir.ter:Je ootiva

tion about ir.:port:mt proble:o~. I'urpoo-. ::ot to h~c.r :lll problems ur.der 

control, 'Will be ~olved in chnt t1:r.e, c.r.!y r:cec\ mOl'<! :r.on<.>y. Tell vl'.at 

causes responsible people cleepless nichts ••. (Seek) not 1~ icrprovements 

on cxistins ideas but entirely ne•.t develo:;>:n~n~~. Ir.fornal •• l!IUCh oppor· 

tunity for interruption :md ditcussion. ,,,A briefing is a success it 

the problem it posed is thereafter everl a1'ternoon tt.e center or intense 

:m:llysis by a knot of participant~." 

Sow~ ~reseo~atio~s, at the re~~e~t ot t~e pre~~~ c~~:tta~, con

centrated on mil1 te.ry preble= to '.<hie!'. t c:hr.ical so.lut i""" are des! r~d 

~d others concentrated on technlc:l.l ~.t'Jri; ln pr:>~re~:; or t.;cl"..:lic~ prob· 

le:t:;. ':'he sl"':)up ,,.,as i:::pressed ".:i~h t~~ ~:'e'::.t e.:::,:~~1f•': ':>t :r.igh-~J:J.l.ity vork 

presen";ly r;oin.::;: on ~t :umy serod .e l:lbo~~t:~ri~s t.r.d :!.:::socia~ed c.gen::ies. 

7he i=Pression could not be esca:;>e~ th~~ ·c.e ~ci:r:t"fic cca=~~ity rcpre

sentea by the Depart:ent of Defense ~~~ ~=-~at :bil!~l ~1 a Dcope tbst 

'!~r tra.t'l~cendti the subject =tltter cove!".J.~·:- o·:: t~.."ly n.w'1t~ .. ·ersit.y or eJl'Y 

industric.l le!lorator:,·. 

!·tc.ny :nc~er~ of ?rojec": 1~7 ~;~r<e ~~e:>'~-·· :!ls~·~r:,t:d !lll·~ O'tterz even 

:ihocl:ed by -t:he zra.vitJ" of :.he ~roble.~s • ..,it:--. ·.:: .. ier. ~h~~- r.:r .. :.!1d ":he::s~lves 

conf:onted. These oe:n in n'".l:.'Jl:er eontitit!lti!":.·:; l•.ss ~!ls:.. 1/';0CO of 

!:.1erica'tt £clent11'1e eo::r.nm1~;· h:-... ve l:.'!~r. :;ti.~.;'i.."."t.~:. to l!l~en~e activit:,• 

bJ \:h:.t t!l::y h~:lrd. ~e opinio!'l 1s u.n..~!~:y~: ~~!:.t trle!'!n.;~ or ~hi.;t hill: 

co.libcr ·- rl'J:; b:1c!:-::nd-fort~ d!:cuostor. ·- recor~c·! en t"il~ ~ sound 

tr:lck :md replayed to c:>.re1'ully select~<! 1TO'.Ii'O fr~:.: •u:.lver~l ~l<s, indust 
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tif11?2!!S!.·:g ; ~. '.i 
.. j\ .. ·~ 

port~~t for the c~tio~~ •~c~ity. 

Under the i:lpM;;3!.o~ o::' th~ p:-ol;:.CI:.J prea~nte~, .wd from s study or 

many of the documents mad~ ava!l~le in t~e lit .~J, t~e group has 

developed & strong feeli~ for ~~ ~eep appreciation or, the great crisis 

'l;ith vb.ich the nation is faced. The 13roup Hr.o~s tl:.e r.;;Bl;r increesi:s 

danger into Yhich ve are icexor~ly he&d itl(!. In our vie·" the crisU sho·.-s 

up in all fields: military, scientific, e~or.o:ic, and social. 

A:oons issues in the defens'!' picture, tl:! l·ri'!'fi:~gs poL:1.':.ed up the 

!ollo·nr;; as bein.:; particularly l..::lkortsnt: 

~- The extr110rdir.ary tecr~ic~ difficulties of !ete~ti1~, 

identifYing and destroyi:s er.ecy ~~~=~rin~o. ~~s gives add~~ &ignlfi-

cance to our ovn POLJL'lS systei v~.ch, l:.ov~ver, to th~ group's co~c~rn, 

is still bese"t vi':.h =:r problems cf its o·.-:: a.'li i~ ju1g,.d l:.y many '.lith 

'Jhoc the group tal.ke!l. <;o be pb.~e<! on too !"•, 1 a scale. 

~· ':'he need tor a jam-rroo!" vorl.1-·;!!~ !:.111te.ry cc=:.mica~lo~s 

syste::, capable of iss,.i:~g co:cpletely rel1.2U~ oners, partieul.a:-ly fer 

tvo-vaJ underwater co==ur.ication. 

£· The high degre~ or developr.~nt 1~ ~•sian r&J&r e~i~~nt, 

exceeding ours in several instnnces, as di>closed by ~h~ obeervat.iong 

ot the llavy's "big tUsh" radio telescope (or.e of the 1110at :pro1:11&Lng 

Aceric~~ detection devic~s). 
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not overco::e. l'hose .s~ner:::te~ by t:.c cnon:ou: .f'uel deomnnda and vecy 

lo~ pipelincc ~.re t!l~ :ocs-: ou-::t"-"'~1:-.;;. The mobility or the Ar::ry iz too 

lo~ for the t~e of dis~ers~1 :~ace~enta ~hat have to be expect~d 1 de-

spite all the e!'forts ~nde -:o i.cpro·rc 1 t. 

~· The need for realistic :~~ppraisal of poltcies, including 

:public infor::~ation, on ch~c.U a.r.d biolo;ical llart'arl! -- prt:l~ntly a 

seemingly forbidden topic. 

!· Local air detenze of ~111~~/ t~et~ is r~t being ~loited 

~s f~st as nppe:u-s possible even ·r..t!l p:~•~~t b'J~get:u-; 11-::Hationa. 

the preae:>t !me:: b:ltter1ec nnd o!!'e:~:;! v~ SA: oper:\t IOl!C during e.n attack 

on t!liG country ~s not been solved. 

~de to decre~se it. 

superiority in ~7 areas or individual ~C31o=•, ~.g., t~c, missiles, 

:nd electronic equip:tent, but 1n o-ther 'lre:lJ 1-: "·'&3 · ;.,\!11~. 'that. our pr~il!nt 

3dV3-'ltage llllS rapidly being overco::~e. 71'.~ ~.>roup ''as also di&turbed by 

the approximetely t~~-to-or.e adv3nt~~ :! Ju:c1t~ res~arch, d~velopm~nt 

• ·- 20 -



,:; ·Q' "'' 7 i :Z 5 PITH Js ~ .. 

........... .. ··-·'. 
!· ~b: l';':":':';):'..~'te ab.o~nce ot tm.y ~es:iv:! ;rc~~ction o! the 

e~vili::. ::;>opulatio~. 
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Confronted by problema or auch a cope e.r.d a very limited time, 

the group concentrated on vaya aci~nce can help, puahing aaide all 

queationa of strategic and manae"'l!ent and financial ana.lyaia aa 

lying outside their direet1 ve &l'\d outside their vorldng intereata. 

The final subject-=atter re~ammendations fall into three groupe in 

the Summary and Appeniicea: 

A. Areas of advanced research (A-1 to A-10), such as 

chemical sensing and radically new type a or .uectrochemieal cella, 

vhich at present are only slightly developed in compar1aon to their 

conceivable applications to defense. 

B. Environmental analyses (B-1 to B-6): broad and already 

familiar fields of research, such as meteor?loGY, wb1ch tcpinge 

vitally on military actions in important vays and shoul1 therefore 

be vif:Soroualy supported and 1maginat1 vely '='Onitored for pctential 

military applications. In the aame class telong oceanography, geo

physics and materials Analysis, the group felt, tut ProJect 137 

made no formal reeo~endaticn to this effect because of insufficient 

time to consider these questions in any detail. 

C. Projects ar.d applications (C-1 to C-5), such as 3ASSOO~ 

and HAUCRATES DUCTOR, which already suggest fa1rly apeeifi: military 

systems and which for the cost part can probably be best handled 

through existing defense agencies by a project type or organization. 
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It u.y well be that a tev ot the :ecommend&t1ooa made by Project 

137 are not new, despite ettorta made to check on vork currently in 

progreu, It u.y even tum out that one or two ot the idPaa are 

alre&4y 'beiag JIIIZ'BU•.~ energetically and 1mag1Dat1 vely in projectl 

ot vh1ch the group 11 not avare. The history ot acience is well 

lmovn to demonstrate that prac~ically n<J idea ia ever completely 

new. However, it also above, aa tor e:umple 1n Mendel's discovery 

ot the lava ot inherite.nce, tha1: several decades IJJAY sometimes 

elapse 'between the moment when a nev idea 11 conceived e.nd the time 

it 1e put to uae. The group conceived ita t'u:lct1on vee, not to 

make more discoveries, 'but, to help shorten the interval 'between 

discoveries on h&nd e.nd their applieatioc. 

'l'o 'bring about the reco11111ended r.ev developnf!nta 1n IU.liY cases 

the group haa suggested specialized vcrk-atudy g~~pa ot limited 

aize and ot duration raagiag trom a week ~o several month.a, as 

appropriate. No procedure is lc::ovn which Ca::l a"ure 1n peacetime 

the aa.me combination ot specialized lmcvle1ge, ou~atandiag a'l)1lity, 

active imagination, judgment, and 1n1:en~e motivation .. The pre

sumptive sponsor 1n many caaea would be ARPA, 1: ot~~r cases other 

appropriate agen~iea ot the DOD. The tollov-up (vork 1n defense 

laboratories, outside contracta, ateerir.g 'ommittee, review ot 

results tor 111111ediately important appli,ationa, proJe~t organization) 

vould 'be expected to 'be the responsibility ot the sponsoriag agency • 
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CON'!INTJUTG ID!l<Til"ICAU)!; I)~ IJ:!!~'IT tfC'J PROBLEMS 

The e;roup vas &eked to ree01110end :near.e for the eonUnuir.g 

identification ot 1mportact nev probl~s ~ a~a• where a~ience 

can be used in unappreciated and Vital vaya ~o 1trengthen the 

country. 

The tremendous tecl'.nological eil&nges -.lrea.;y made ae vell ae 

those coming taet up ove: the ho:1z;on make 1 t d.Utlc:ul. t tor the 

aerVicee to adapt themselves to th .. ae devdopm .. nte. In their 

ettorts colllltantly nev, unexpe::ted sclent1f1<: pro't.lema are en

countered, ranging ove: all the eeie~=••· 

Mally ot these touch on s·11cn ~eot&l ~ss1..u that the con

tinuing assistu.'e of sc1er.~!sta t'laly fami:i.1a:- nt~ t~e very 

latest progress ct tae1r ~sc1pllr.es 1s r~~ired. 

Methods must be tour.<! tb&t gc vell '!:.eycJ:.d tlle el<iatir.g t~s 

ot contact an<l inters<: ticn tetvHn t!:.e :OC·!l a,:d t:.e s:hntitic 

commuoity. 'l'he e;rcup 2& :or.s1dero:1 peu1H~ vayf to provode a 

mechaoillll. Its principal a1.1:1 v~·...t.:1 ':e, ::.: tl:. .. j:.e ~~:1, ~ 

introduce scientists r.ot n.,v vorltl.Jlg cr. defent.e problems ic'to these 

areas and on the o~her to &1"1e sc1e::.~!tl~&ll;r t:siz:~ m.Uitary 

otticero ot the three serVi:es end acler•t1&te workiflg in defense 

laboratories an opportuni'ty to br1ng 'their vast e~perience to 

bear on the selection acd s't•Jdy ot 'the probl~ t.o l:e all.l!wred . 
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Two m~c~iam~ r~~~1ve~ m~cu st~~n~t'u (~m the gl~up. One, 

a Cent•r tor De!en•• ~eaea~:n Wcrk-Studf Orcups, vculd pr-.vide: 

!· A very small bu~ lli~>'llY ~ompH~:lt natt to take 

the major burd•n or haodltns claas1ried &cientiric vork-atudy 

conterencea tor ARPA a:l1 ether d~ren~e sg~ncles. 

!!.· Se<.-ure mee:ir.g rocuns tor ever--:ha:~gir.g grcupa ot 

limited size, neerby vork ~o=s, ~d plac~s ~o eat, vLlk and sleep 

without gol<l;l o ... taide the g~ade-! are&, a.cd a:orro-.mdings ur.der 

vhose influence it ia a p!eos~e to vork. ~;h ~ plar.e does not 

nov eJ:1st 1n tlle Wa$b1ngt:>n are'l. 'i\:> J.•r=.·rt·!e '"'·" a p:i.,.·:e would 

uke it posaibh tor ,. grc'.lp to do &Lica~a::.~ ially :.on 1::. a l.l.!tited 

tiJile, aa \fitr.eoa the ouuta.'l:11r.g :i.:>n:r. 1\'!&esr.n :o::!~rer.ee. 

=.· A gcod amal"- ~onur.g hl:.ra.-y or ~laas1f1e'i and 

unelaas1tied r~rerer.~e ~t~r1als. 

<1. Sil:ple ~CIIO.I"J:au·": fe.c i:.l.tlta. 

e. FroxiJility t: at. ,,.,·eue:.t 11'<-:t~.ry sr.<1 :-: a u.:tvenity 

vith eJ:cellent departme~t& of &cl~:l:~. 

t. F"~1lit1es f.,r l"l'pr·~d~( >:::e ~.:..:laos1r1.o-! a!.O:. :lauit1ed 

materials. 

I: C?o.ta~·t: jf'tl :~ lto A~.t'.\. '·~ dt•l V1.'t!1 tl:..w c:· 1L· 

formation &<.d report&, cl.u~r.c~ ro:.r ·~slta, <IJl;l !~l:.t'l..U.1r.a ot 

v1s1ta. 

~· Pre>xUii'.y to Wash1:ogton s:: 1 upo:,si~l~ lol&6l:'.i~gto:n 

people can contri'eo..t-. Vlth t~e S!l.-.~ err .. ~tivenua fr?!ll vh~ch Froje;t 

137 benetittd. 

I:A.-ARFA S-l 



!· Ope~tion by auch an &gencY aa a ~on-profit defense 

research orsanhation of high atanding or t~ tla.tionll Academy of 

Sciences to guarantee to the Center a coatimrlng prestige among 

acientiata, amoll6 the services, and service laboratories, ao that 

&Z~yone invited to take part in the work of the group can conaider 

1 t an honor to be able to cot1e. 

J., An ever•chll:lOinS program of apeeializM work-study 

groups in respons~ to iden~ified needa, 

! . A regu1arly programmed repetition every six months 

of something with the s~o~ and problem identittcation responsibility 

of Project 137 as a minimal response to a pressing need. 

The oth-er m~ha.:li6lll, an Advanced Security Research Inatitute, would 

!· Include the Ce~ter for Defense Research Work-Study 

Groups &:l:! pertaps evolve out of that Ce::.ter. 

~· Provide a place where scientists can go on leave of 

abs<:oce from uoiv~rsities, ind~:atry and the DOD laboratories to

gether vit:!:: opera:ior.al military perso:lllel from the DOD in an 

atmoapber~ or study to cootribut~ imaginatively to national strength 

in a f~e-~nb1~g ~er without c~tting themselves in advance 

~o any spe~iflc Li~~ of proje~t. The Princeton Institute for 

~·.ns.nced. St:.1d7 'JO·.lld aer.re aa a modej.. 

:2.· Co::ns: or mc.:'bera anli visitors. Both groups would 

be cler.red and cuch or the work would be classified. The nine or 

more me:tbere vc.\111 t.a•e lenna from perhaps l to 5 years, would 

be sel~ted fr~m a variety of fielda, and would aaaiat in planning 

problem 11entif1cstion meetings like P1vject 137 and otherwise 
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aearch for n~~ applications of science and aolutiona to urgent 

problems of defense. 

~· Provide a center for viaitora coming for peri~ 

trom L month to a year either aent by defense laboratories and 

other institutions under arrangements 111\ltually agreeable to all 

three parties or othervlse invited to participate • 

.!.· Bave for foundation ot its vork ready access to 

information and briefings by the DOD and the scientific community. 

!· Conduct auch seminars as seem appropriate; serve u 

a tree market place of' ideas with much ot the student teacher 

relationship; possibly p=te and edit a elaasif'ied journal. 

commo~ ~o the ares ot science aud det~e. 

i· Ea~ approprJA te CCIIIpllters but minimal. labcrator;y 

tacili ti<'s. 

:!>. Have :co co:ltraet award tunctions, have no supervisory 

tunct.ion, nave r.o usigned tasks, have no responsibility with 

res~ect to nat1~nsl'ac1~~ce policy, be no place of' reference 

tor c.rgd.:lizat.ional qu,.stiot..a. :i:ta daily gr16t vQI;J.d be the 

tecllL1.:al pro·olems of' science ar.d de!'e:lSe; t ~ ·.-o•.Ud l·e a !\Ill

time act1 Vity. 

i. Provide a means to expose high scientific talent, :cot 

nov oc~upied vith def'eLSe act1V1ti .. a, to defe~e problema, without 

diverting talent percanently trom ~ile pressing basic research needs 

of' the USA . 
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AI \>eween tb.e Center and the Institute opinions in the group 

vere divided. Bovever, no question eldsted that a decisively nev 

meehaniam must be found to promo~• closer contact between the DOD 

and the 1cientitic Co=munity. It ia the te!linS ot the group that 

a Center tor Detenae Research Work-Study Groupe, or something 

like it, is a minilllum reaponae, and that efforts should be made 

to move aa far beyond it in the direction ot an Institute aa those 

more familiar vith national science policy deem viae. ~A baa 

the pover to bring the much-needed nev activit)' into operation, 

and ought to move promptly to do 10 • 
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,.~ !.."~ ~ T·H'~t:SE: ···---·· 

A•l. CBLMICAL SENST.NG 

Introduction 

The ability to identir,y airbo~e or waterborne chemical species in 

extremely low concentrations would be a powertul asset tor both 111111 tary 

and ciVil goals It 1B ditticult to vuualize any natural or man-made 

process which 'ices not pu~ ~ome kini ot "sisnal" into tl:.~ air in the torm 

ot a tev (or many) moleculea cr at~ vhich may be characteristic ot that 

particular process. Bence ~e possi~il1ty exists !or dia8Jlosing activ1• 

ties ot various ltinds at a distance. Thir. proposal 15 &imply to 

stimulat~ basic research 1n selected areas yet to~ determined with 

the aim or pre>si~g existing a:a!ytical tocls t~ th~1r ultimate sensi-

t1V1ty and, if pcosible, tc ~VisP. <.ev speci!tc metl:.cds. Th;.re 1S no 

sing!e eystem !~r chea:.iea.l acalysis, s: it U Wllll<ely that any sinsle 

techni~ue vi11 be applicable to proble~ o! a vt~e variety. Bovever, 

a tev s~~stio::s v:ill be pvee :oer~l7 as iU: .. H:-att:z::e. !~. vill be 

~e may st&:t 'Y r~eal~~ biol~gical ~7lt~ms. It iA rather well 

estatllsned that tbe oltaotor/ s~n•e dete:ts aLd ideLt1!ies specific sub-

stance~ vith tan~ast1: !ez::s1~1V1~Y· rh~ mal~ gyp;y ~oth CBA detect the 

female by ol!&:tion ':lVer a 2-mile r'I.Dge ar..d it U e&timated that only 
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l,000-10,000 molP:ules o! •ome s~bJtane~ per c~bie centimeter ot air ia 

the signal. Tbe oltac~ory e~nse of a vide variety ot animals, including 

1'1sh, eeem to ~ eilllilarly acute. Br1e.!'ly stated, 1t would be ot great 

interest to un~erstand hov they do thie 1 and to make use ot the dis-

covend principl~a eithe: by UE-ir.g biologic&! S)'!tems as detectors or 

by devising arti!icial tystems tmploying ~he~~ principle~. There bas 

been ra~her d!t~~e ~!tort on this pro~lem ever th~ y~ar~ but most ot 

the results hav~ ~imply descrihed the phenc=encn, and only a ~latively 

underat.andicg. 

ma:lY areas or ch~mi:;try. '!t .. '.iof!r· t.:t~ ~n-eric t1tl~ ~~~p<!::troscopy" one 

matto.o. of .valtJ.~. Fnt· ':'X'Up1. .... , Vol! hav~ l~d:n;1 •.hat ·~h~ l"!lii!mieal Corps 

certaie "nervto ge.!~s" ~ 

I i· § CLI'f 
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lt dU not ; ..... ,. v.n~h..,!lll~ to ~t.e member• ot i'roJ~CT. 137 to tey to 

think or ot~er approach~' themselvet ~cause in the time available it 

vas 1mpo5a1ble to ccp~ vith th~ br~a~th ~~ this pro~lem. AD analogue 

might be mentior • .,d ahovi:::g vh3.~ h.o; be~.n dor.e in another field where 

s~na1t1V1ty aL-i ;l'l .. c~iVl".y 9~ in!t~:et.t (r..alities. The radiochemical 

analyeis of at:lm1c t-omb oiebri< orrad thro~ the air haltvay aro'-l!ld 

the vo:-~ .. 1 ha.s re•ult"d 1n V'!IY d.-•.ail-ed iUee;r.osia ot v~apon type, yield, 

material! ot eo:>n=truc.t1on, ar>i so forth. If one co-.1.11 deV15e chemical 

1dentit1cat1oon of r.or..radi:active !'Jl:!~s.:>:e& with a.:cyvhere- near thie 

aen&1t1V1ty, it lJ :ot harrt ~o V1!ual~t~ 1~port~t appl1:at1ons; for 

instance: -;ype.: !&.:~ t.l'A'e~~~ o! ma:Ur.~.s in :~e Vic1n1tY.• nev types ot 

sp~ci!h. i ty. 

. -··.· 
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Silhd&£ 

4. Specific appUcat1o:1a ot interut to Departmect ot Detenae. 

Based upon the resa.lh of tr.e aurve1, recommendatiollll ahoul:l. be made 

tor research within existing sc~reme~t la~orator1es an:l. tor contracts 

to universities a:>4 research tour.datioca, an4 tor a conference tor the 

exchange and stiJII:Ua~iot. ot id!!a.&. 

to bri~ them in~o pr~:tic&l appllcatiot. by ag~t.ci~! yet ~o be iet1ne4. 

Cbem~:~:ep~ic~ 1~ t:~·~~~ 

&!l·i >;'~e r ~D:.a.l..s 

I!l.!ec. .. _ :-ep~ .!.le:.t s ar..1 
a'ttr!l.:.t9.;l~~ 

/ 
I 

/ 

/ 
/ 

8 811 dliH!' 

.... 
!. 
A. 

·'}. 

E. 
]. 

~~~hle=-_, r:oh.~.s Bopk.iu 
fo~~·:~, Columbia 
llaaa~:>· Sm1 t, C&l Tech 

S~!>::J.ey Hall, t:EDA, !!eltnille 

~e~~~~ ~t r~t ~~~ntal vork 
io :.~:. A~~!~! az·ea 

r~r~ 
P.. M. ~oyc~ 
c . s . )of.a.r·l~ l 
; . Wall 
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A-2. ID'ORMA1'IOI T!WISM!Sf!IOif B'! CIIEMICAL SII'ISIIfQ 

~ lUnda of illto:n~~&~1on c&A be eecure4 by chemical •ensiq: 

(l) the concentrations of sp~cifi~ molecular •peciea at a given 

instant cf tillle ani (2) hov th11 concentration varie• v1 th tillle • 

A fev of the m&ll7 cor.c<'ivable applicatiOAt ot (l) have already been 

mentioned. Oblervations ot tt.e u.-. vartatton (2) can &lao be 

to co'Wlt the n-:.~mber o! U.l!llcy' vehiclu pau1r.a a given po~t; or 

to receive aig!al• ~ cx.e's ovu toreea under epec1&1 con41t1ona. 

To give an 1lluH::-a~1voe ~nmpl~., im.sgit.e a rai1oact1ve material 

• 

of 1Dtormat1oL tr"'>SIIIi!sien ceul! ob·n.o'.l.!ly ~ 8('r.erili:t~4 b:y elllitU.ne: 

aimult~O'.uly tvo or o:o~ t7P~• cf .rs.UoactiY"~ e~et&Dcu, and pro

vi~ the de~ector vi~!!. er.ere::r oiH~zWn&t1ct..· 

The 1Dtorma~i::. eo tu.·:.Amt-:.~! ll~ tt.e ~~~ feat..:'e that it 

individual pu!f~. 

7be awaly!1! or ~! l~ee o! ~oh~~~oc~, or ~!ormation eon~nt1 

is a p=oble,. 1.:.tHHt1.:,g cc. .,vo =·~:.~~!. ~l) m.cre !r.!::>Zli!Ation at-out 
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i? I I sa.-. I. 

the mtr1ng proceee voul4 a.e1et 1D tbe r1ret co~ceptual &D&lJaia ot 

a putt-type 1Dtormatioa tr&Aam1aa1oD .yatem; (2) tb. atudy ot the 

41rtadoD c4 convec';ion or j~41v1:1w putra or radioactive or 

chemtc,al tracera v..ul:!. ~ to our ur.!ieratandiq or lllicrameteorological 

proceaaea, 

8pecir1e Recc=m~~ti~~ 

All pe.rt or the t&ek or tl.e ~rac.n or aa~.::y that rtrat IIUrVe1B 

the r1al4 or ~em1c&l ae:.aJ.r.& u a wl:.oh, attention allal.l4 lie giveD 

to putta or ra41oac';1-w'ity a':.:!. :l:e11c&le (1) aa a vay to t:ruamit 

co4e4 mesaegu u.a~ are o~Uto!'tN l:~~ !~1t1e4 41at&Dcea &D4 

(2) aa a 111etuU to 1Dc:n--u ~ueuo-••·a ~t 101~:-emeteorology. For 
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SI!Ch&Sf 

The prese~tat1ons we h~a:~ loid heavy stress on the buzden ot 

euppl.y1ng !'uel lo mill ':4cy operiti<>:>.S at edva.toce:l locations. 'l'be 

•'-'e~!""' army a·ivan:ing across Frar.ce 1u~o Germany conau.-•1 400,000 

sallons ~ day. ~~ K()r!a !u"l ~--:.,~1t~<te4 CV!r 55 per cent ot th'! 

loS1&t1c load. Ibe ar~ of tbe !u~uz~. pla~DI! on nuclear vartare, 

must~~ de!! ee!k a mobility b1gh"r than ever be!or~. Aga1nst 

achieving ~uch :110'::l:! ty rnoe ·i~Jr.s.:.!.: o! !'~el ar.d th! tuel ~uppl.y line 

SliiRii:Ff 
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Bovewr1 ve believe that r.ev scientific principles mu.at be developed 
. -_,, '_..: 

through pioneerir~ res~areh before tuel logistics e~ be subst&ntially 

limpllfied. That this point is recos,uize-1 ahova in the support of 

research 011 such a tubject as tree rad1e&la1 &nd vork on tuel ce.Us 

tor direct c.cn~rsion ot el:lemie~ energy to electrie&l pover. We 

believe tbat the importatlee ot tloe tuel problem ~ds continued &nd 

tecbnology. 

To be able to ~r.~rate t'~el lx&lly rath<!r tba.::. sl:.i;p it in 

vould be a g.-eat !'tep tor.a:i. W~ do :..o-: !e~ how to do 'tl:.is, but ve 

about mobile pc~er :~pply ~!~:~ !A:~&! mo~il~ n~lear react?rs. 

The reactor~ voul<l pr?liuoe t'l.~l !-:r t!>.e uee o! vellit'lea in tbeir 
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prolllia1118 S@cret RACA experience 0:1 dri v1ng Jet pl~es vi th llqu!t1ed 

hydrogen tor tu@l (RME 57F l3a, -14, -19& aDd nlated BACA nporte). 

'We t01ll1d that the stor·age tank wdght relative to tll@ tud weight 11 

no mor@ tor llqu1,:1 hydrogen tllAA 1 '; is tor ga.!:lllne. 'We were in

tormaJ.ly ad\i!e·i by RACA v~:-k~t~ ~h&~ the &ame :Uel cSA probably M 

used vitbout g.~at dift1eul~y 1n exis:ing reeiproeati~ eagi!I@S such 

eq,u!pment modit1e.i to l.iqu!d hydr?~ll tuel h&V'! .t.:lt co=e to our 

attention an<\ de!erve con!ident1on. 'lb@ techniques for aimple safe 

use of liquid hydrog~n have zc.•·i-. E-normous &trides .sl.nc,. 19;2, g:l.v1118 

oeea.sior. !or a t're!h l?Ck at this f'J.el t'Jr use V1th ex1st111g vehicles. 

-,~ .. --

\ 
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There is no reason to belt~~ th~t a practical electrochemical 

tuel system, it it can h de\•elcpe.i, ehould be limited in application 

to the hil!h priority soeJ. c! 1111li tary mobility. Cl v111an application 

mis.ht be forced by riDing co!ta ot eouwntlonsl tuel tor motor tnna• 

port. In such an application the tilling naticua misht look 

familiar 'but the f'~l they so:cl. misllt tor the most part be re,enerated 

locally. n:.~ ~ lE.c tl'ic pove:o tor thi! P\U'PO~e "oul! come 1"r':: 

stationary nuclear reactors 5u1 ta!:>ly 5paced. over the eo~mtr)'. 

Four ·:'l toll !'acta !~ar.d out ab~ut el~ctroct:~mical energy: 

. ' .. Appi~:!cdl.X "A" 
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Such approaches ~mad quite a nev kind ot reeearch. M B. K. Ziegler 

hu remarke.i, "Extenei ve research in the tield of electroehelllical 

k.inet1ce eould 'te expected to :y1eH valueble ruulu. Moreover, only 

a small number of the pou!~le variety ot electrochemical systems 

!rave yet been 1nvett1gat'!'i." 

AmoC6 point~ vorthy ot $pec1al 1nveat1get1en vould se~~ to be 

the tollcv1!1g: 

a. S.tstem& pc..-ul!d by liquid electrochemical re!ICtants. 

1:-. P!lysical mech!ll11!ms !·lr !.~curing large reaction surface 

an(\ y'!!t pre~nting irreversible e""'cit!3t1on ot the r'!!&etante (emulsi• 

ar.d elHvhHe or.. hO" ea.al.l 'lr•.i nov mobil! u .uy b'!! eence1 vable ten 

.. '··~ -
§II PSi" 
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:E· Stek advanced th.inlting on what a reactor could do if it· 

were deaig3ed for production of hydrogen at the optimum rate dJrdct~ 

from vater ra<;.her u.a.u via electrolysiS; 

.:_. l"- the lisht of thiS 1n!ormat1ot. and experiementa on liquid 

hydroger. poverit.;~ c! e::.Ht.ing eq..:ip,...r.t., .!etermine under "hat e;recial 

conditio», it or.;r, a hy·iro~o-l'l:.t!llei system mig!lt make Sellae; 

the theory and deaig3 of ele:tMlytlc eell.s, and 

!· Take vhBt.,.,..: swpt &.""e r.t.Me<l. 1c. the v&y o! eon!erec.ces, 

ideas ot.: 

P .. 
t; 

1. 
I" 

·'. 
..... I. -

IB11Ri7 

~- !zy:e 
s. Ma.."""' l 
f ~ .!" l.&h;t, ,. Wall .. 
A. Vn~~lo!:r 
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A-4. TRANSMISSIOif Q1P EIIERGY THROUI:II SPACE 

The group heara of work in proeresa on elect~~tic methods ot 

transmission o! ~nergy throU@h spsce1 intended tor destruction of either 

ground targets (River Styx ~J~et) or ic.comi!l.g mi~siles (Project Cin~). 

Other motivations are l Lso Ob\'io~ tor aeeklng ~ana to i,rellllmi t energy 

through apace; t:> supply pow•r .to torwud eom'b1lt locations; to operate 

reconc.a.iasa:1ee dro"u; and to su:ot.a!n evitt high-&ltitw drOAea tor 

blocking ballistic missiles. It would be u diffleult to catalog all 

the appl1eat1o..: ot a pr~tic&l tran!miuiou system as to try a hundred 

years ago to list all the Ul!'!~ o! electricity. At th!s poi"t 0%1e can 

appear that d>e cbac.:e5 to ~-..n. up s"""'thi:.g ""-'" ani pr':>llll.Sill8 v-:;uld 

nev conc'!p~·al ::-:·m.t 1L.a~1cn.e Y'l ~h-:J.:. ~ ~ryir.g to n:\Uiliz~ IJZ:J.y spee1t1c 

appl1cat~:·!l 1" t.ll ~tul. 
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ElectrO!II&g!letic Fndiati•Jll 

Electromagnetic radiation is a reasonable baaia tor a eyatem or 

energy transmission: 

a. the principles of propagation are well understood; 

b. the radiation C'ln ~ transmitted to great distan:es and 

directed; 

c. tb~ t.,:hnology of eencrating radiation bas ba4 considerable 

developmer.t; 

d. electrical cireui ta ot.re;.• a mort! flexible technique tor 

ban:l.ling power tha.r. do ar>.y other known methods. 

For transmission ov~r distan~es between l km and 20 km the a~sorption ot 

the at111:1sphere &!tects the ;noice o! vsve length ~ ~hovn 1l1 Table I. 

Wave Le~~hs, A Transmiuible in the At.:oosphere 
Eel~J the lonospber~. Figures calculat~d ~ 
t9~l~s ir:. "Pr·opagatioc. o! Short P.adio Wave!" 
~'iit~11')' D. E. K~:·r .. Mcvrev 11.111 ~'c C'~!!Ip!L:!.y, 
New Yo:-rk, 1951. 

Clear veath~r ~r~~
misSlon Eu!.fieiu,.t 

All v~ather tr~~~
mission requir"d 

50 ~r ~ ~~t ku 
p~rmissibl~ over 
1 km pa~n ~3 oit~/km) 

.~ ~ o .lB em {!nit not 
in the ia:mediate 
::.e1~t-orh_,.,li or 1/l. em 
an'i 1/2 em); also 
optical an'i near 
1nfrar<!d 

10 p~r cent loss 
permis!ible over 
20 km pa~b 
(2 X 10" dl-/km) 

A~ 2 em; alto 
optical anoi near 
in!'rued 
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At greater distances th~ meteorological c~mplications ot the atmosphere 

make proper beaoing of the en~rgy 1r.~reaaingly difficult even vhen the 

path of transmission runs more than 100 m~ters above the ground lay~r 

of air. Beaming also demands a narrow dlf!raction pattern and, therefore, 

a sufficiently large ar.tenr.& (Table II). 

Table I! 

I'Jr.imUJ!l Dlsm~t'!r, D, or Trar.smit.ting an:l 
Recei rlng Antenr.u or E~·•a.l SiZu ani 
Uniform "Sw-!ace Emi!si v1 ty" Required to 
Reduce AdJit1onal Lo6~~s ~ Diffraction 
Below t.he :;pecifiecl. Upper Bound. 

Condition 50 ~er c~~t diffraotion 
}:0,!;;: "T l \r~ 

10 per cent diffraction 
lc-s J at 20 km 

5 x 10-5 em lv; 'nl.• I 
clear we a• h!';'r 

0 • 
..\ • 
A • 

L em 
0.18 :.,, D • ~ m 
l em, D • 5 m 

Not~: All D valuei ar~ r?ugh est!mat~s. 

D • 
} . 
>-. • 

1m 
2 em, 
8 em, 

D • 2CO m 
o.400m 

A fan<a;r.lc•lly high upp~r lim!~ i• •P~ to the power der:sity that 

fields, of ~h-! ora~r or JO,O'Xl v-::ln/rn:: 
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s.' .. 
• - • • ·- I 

(aw-face deD.S1 ty ot pover emission) 

: (velocity ot llght/8 iT) 

• 10
13 

erss/cm
2 

aec 
2 

a l megawatt/em • 

(100 electrostatic volta/em) 
). 

The actual l1mi ta ue su't-stant ~ally less than this tigw-e due to the 

frequency dependence ot brel1kdcwn field. strength. However, the power 

levels that a.~ in principle atta1~~ble tor antennas ot reasonable 

size are 1n &n1 :sse enor~us. 

A rddiativ~ outpu~ ot l Mv/cm2 can be obtained from a tt~rmal 

source only at tell!i'era~ures over 251 000 degrees Kelvin. Therefore, 

attention 1S dra~ a~ tr0111 i:l:oher"'n":. th'!rmal 1:11.diat1on to mono-

chromatic 1:11.diaUo::. ln s~el!.ing to:: ili~':l lnte~ity sow-ces. 

An 1deallzei &.:lt.et.L& f-::: tllP. ~mission ot monoch.rcz:latic radiation 

might l:e visualized as c<:a.Hs-:.1ng ot two &heets ot cw-re::~t, unifor:~~ 

puicd V1 til !-:lSpe~t t~ the c~he1·· At a thirl th'! critical tield 

streogth (1/3 ct 100 <!>leetN:.'.atl: v-:-lt! p-.r em, or l/3 ot 100 gaw;s) 

and at a •.e:>•.~. the s.csoc1ut! i po'.iet· l~v,;l - that 1!1 a little ever 
;: 

100 ltilovatts/cm - ea~h s!l•:~l. m~t t.ave a ~·.1.d'ac~ d!nUty ot current 

ot 6 &llli''!l"!S per ~m. To dr i V!! the oeciU&.tory eurrent asainn radiative 

res1stw:.ce z·e<tuires a ti-:>ld gr~~oUeot t)f 10,000 volts/em. 
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Radiative energy in present day microvave ayatema 1a generated, not 
. \ .. ' . 

at the antenna surface, but in a separate unit, from which it ia piped 

to the antenna. The whole design is governed by the technology of present 
. '' 

day energy sources. To exploit that technology to the limit 1a cert~ 

an approach tha~ deserves strong support. Bovever, it u:t also be worth• 

vh.ile to aak whether quite a different design can be conceived, ill vh.ich 

the energy source a.r.d the ant~nnaa are o::1e and the same piece of equipment. 

Components for pulsing or modulating the outgoing energy are already 

ellminated because it is ~nergy tranamission that 1B desired, not in-

formation trMsmiu1on aa for radar. It is, therefore, tempting to try 

to eliminate other coll!poMnts as well, such as magnetroa. and piping to 

the r.ntea.:::.a. A model syst~m offer·: 1 Uel.f as iDSp1ration in the search 

for conceptual simplicity: the attJID. A single electron circulating 

about a n:~.~:leus serves as '!>oth pC"er source and antell:l&. 

Any atte~~~E-t t.o conce1 ve of SA eQ~ri!:f etJurce spread over the SAte lUI& 

itself h~ th!! !olloving guid.. l.Lr.o,•' 

a. A d.i~tri't:'.ltion Of Cur:o:!!lt O"'!r the SUI face at a \llliform 

density crt til!! cder of 1 t~ 1·:> amp•r~s per c111, or a mo~ pat~ey 

d.iatribu~iiJc. witb bigber lc.r.u den:1t1~! • 

.!:: Pot~ntiel gra.4ec.t.! ?f the or'ier of 101 000 volta per em 

on the e.verllge • &£Bin viti:. Mn-..,.ifO""' <Ustr1b'.lt.1on a pouibility. 

~· Pert?d.ic variation of th!! currents, properly synchronized 

in beth apace 11:'.<1 time. 

d. An l!llergy input . 

A~ndix "A" 
IDA-ARPA S-1 



• 

In other respects there is an enormous range ot tredom tor conceptual 

design. The tolloving possibilities are among the many that obviously 

come to mind, individually acd in com'binstion: 

a. A jtigh c~nt electron or proton 'beam. 

'b. De!leeticu ~ electric and magnetic fields. 

c. Plumas and plasma vi brat ions. 

d. Arcs. 

e. Cavities in electr1c~·Ctc1llation. 

t.. Direct povering ot the antenna 'by ccntaet v1 th rapidly 

rotating parts, such as magnets or eavi tie!, dr1 ""'" l'y turbine or 

othervise from a primary thermal energy source. 

_a. A pla:ma dri ~n l'y a co:.tr~lled the:mou'..lclec reaction. 

h. A ree~ptor i~11tical ~ i~~1gn vith the emitter. 

To have see11 emerge in only two ~~a.ies the m&g!lEt~n, the klystron 

and a variety ot travelicg va~ tu~s is to reecgnize that the oppor-

tun!t1es t~r i~vention are llmitl~~•· B~e¥!r1 it i! n~t clear that 

inventive ability in •he t1~H o! <;l~etrO!lics. J. R. Pierce, in an 

appraisal or the po!!1b1li~ie• tor s~oerat1ng el~ctromagnetic energy, 

states, "Progr·e!S along &uch novel 11:>es c:a& only com-e 1t excepti~ 

gifted pbysiehts and "=.~nee!'S can 'be iDteresteoi ic. th1r.king hard 

about such matters." It vouli •ppear· vortbwbile t:~ cor.v,ne ~ expen 
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vork-st~ sroup under conditiona optimal tor generating nev ideas in 

this area ot transmission ot energy by centimeter vaves. Some members 

ot ProJect Sbervood vouli undoubtedly have a apecial contribution to 

make. The viev has otte.o. bef"n expr·essed that this intensive vork on 

thermonuclear energy may in the e.nd contribute even more throll8b an 

understancl.1.ns ot the scie~e and e~eering ot plasmas than throll8b 

achievement of an important n~v en-ergy s:>urce. 

At still shorter vave len~hs1 nill more imaginative methods 

suggest themselV'!!s tor emitting energy. Among the possibilities nov 

under consideration 1n a mcst modest way are; 

!: An electron beem g..Udei a':. the prop~r distanoe above the 

surface ot a ru.l"!d g:-a~L'>S t·~ p:-od.uce visible n4iat1on (w. w. Salisbury). 

~· C:>~e~nt em1~sio~ ct ~trarei radiation (Charles Tovnes 

and ~amin Lax) a2 ccr.~a..ted to the incoher~nt radiation :trom 

thermal so•J.rC e s . 

7he pc!fibilit.y t.lso d~:;~!"·v~s co~tdt!ration that a!£ atomie bomb 

cavities to atl~t .. hydrodyo~c platima Vibrstior.91 or vith other 

special geomet17. 

illifli'JI' 
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Gravitational Radiation and Neutrinos 

These forma ot radiation otter, in addition to electromagnetic waves, 

the Cl1l¥ kno1111 methods to transmit energy thro\18h apau v1 th the apeed ot 

light. They are among the most interesting topics in modem peyaica. 

Hovever, ther~ is not the slightest evidence t~ that these terms ot 

radiation varr~t vork locking towards specitic applications. 

Acoustic Radiation 

the III8JCil:lum ste~ state ra~e ot tr:lZU!mission or energy v1ll be ot 

the order 

(speed ot sc1110.d) X (thermal energy density or air) 

2 
or a !ev kilovat~s per em . The ~xpor.~~~ial rat"' ot attenti:.Btion is 

quite lov at ~~onai:le fr:lu~nci~s. !!owev~r .• :-..!.iabl.e beB.IIll.ng thr0\18h 

the open air ~cr d1st!lliC'!S e~:: a~ sbon as a mile is normally out ot 

the quutio!l, ~ to r~tnct1o:~ ry t-emperat~ gr!l.dients snd v1llds. 

Vorti~~! 

1. 1:. Wen.u anc!. the "z·H~r lla·te duplica:ei ir. the lalot·llt.o:ry one 

inehes ir. <Ua::cte:r·, wa~ ca'Eei to appeu in the air m:.~ to mo•.-e hori-

1t -rent out v1th a J:op. A smoke rl.og genentor had been tilled v1th 

city gas and tapp~~ to ~Jeet an invisible ring or gas. The ring, after 

traveling a '.lout a toot, pu!~d tlu·o·~'l a spazk d1 scharge which 1gn1 ted 
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it. i'he gloving vortex continued to propqate. Presumably, mixing or gaa 

with air took place until an explosive composition was res~hed and the 

fireball ended. 

A large invisible vortex or explosive gas could be used to discomttt 

an enelll)' under suitable cor•di tions, an<i might even be desigr.ed to 

produce heavy damage. i'he ring would travel noiselessly through apace 

until ignited by tl.ame or spuk amona the recipients or their equipment. 

i'he ring generator is or excee<iingly simple construction: a box v1 th a 

hole in one race and a rubber sheet tor the opposite race. i'he vortex 

propagates through space with g?Od preservation or identity, as seen in 

the bP.hav1or o! "du.>~ :l.eviu" a~cve wsteru deserts. l!o•e~r, the same 

observatio~a shov hov very !U~j~et th~ alo woul<i ~ to chang~s iz:. wind 

direction &:ld vir.d wloeity. For this reason, repeated tries might be 

necessary to seore an explo!io.:., 'Ill. ere ar~ easier way a to ea:u!e trouble 

except under spe~ial eircum5taoee•, s~h as operations where ~T.ealth 

and z:ryst~ry are re;,ui::<!d. 

Voni~es can also be pr:>:l'aaa•.!1. YL.~r vat~r, qu.i'!:tly ac-1 iovisibly, 

unsuspP.etir:g bstho;;r. Appli~!.~i~ns !U"e nr,v b.ovt. b10t might be eocceive4, 

such as ear-ry1Dg Hmih<i pack"l!t'S. or er.ergy, · ot poison, or o! tuel, tor 

limi tP.d dis tan<>'!!. 
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Beams ot Particles 

High energy elcetrcns nn~ ~hotons are rapidly degraded in the 

atmosphere, loaing about halt their energy roughly every 1,000 teet. 

For high energy protons, the halt-absorption distance is not mueh 

greater. This experience derives from eosmie rey and accelerator 

experiments where the stream ot partie lea is too low in intensity 

Significantly to atteet the properties ot the atmosphere vbieh blocks 

the passage. 

Lightnine; 1 Uustrates that currents ean tlow w1 th suttieient 

intensity to ~eet the properties ot the atmosphere itselt along a 

narrov channel. This channel 1B very tortuous in the ease ot lightning 

because the first electrons to go that way bad low energy, were easily 

scattered, and vere otten replaced by other electrons. 

To replace these "uceducated" electrons by "educated" electrons 

tro:n an accelerator :U.gbt conceivably lead to quite nev ettects. It by 

use ot high s..,eed particles the channel can be made straight in the 

beginning, and the gas v1. thin heated so hot that the bulk ot the impeding 

cass is driven aside, then the door is ope~ to sending a quick burst ot 

enere;y to a great distance. The use ot such a burst to destroy a bal-

listie missile h3S alrea4J been proposed by one ot the group, P. G. 

Kz-.1ger, and 'llso by others. Absorption by the atmosphere has been the 

great difficulty in earlier thinking along such lines. A nev look at 

the problem, alloving tor the response ot the at:nosphere to the beam, is 

- 51 -
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nov very much in order. For thi~ purpose, conceptual analysis and 

calculation, plus the enonuous storehouse of existing in1'ormntion and 

theory ~bout lightning, offer promising foundations for a much better 

assessment than we have today. 

Specific Reco~endations 

~· SOQe agency should survey the present status of' the 1'ield of' 

propagation of energy through space to formulate: 

(l) The methoda of energy tr3J1Smission that have been considered 

to date by workers in this country and abroad. 

(2) The research nov in progress t-earing on the problem. 

(3) Research workers •Jho can contribute imaginative and sound 

ide:.s or even more directq :orvard a future program in this field. 

(4) Specific applications ot interest to the Department of Defense. 

b. Starting 1'ro"' the state of knowledae u thus de1'1ned, a conterence 

vith a work-study character should be call~d - perha:;;3 divided tor some 

of the ti::e into specialized groups - to generate new ideas, and to arrive 

at a first assess~nt of the areas most procising for future work. 

~· E3Sed upon the results of' the survey, a steering committee of' 

indeper.dent working investigators might be appointed upon the Project 

!:hez-~cod IDOdel to: 

(l) l·b.ke recODVDendations to the sponsoring agency tor research 

vithin existing government laboratories and tor contracts to universities 

and research foun~tions; 

- 52 -
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(2) To call periodic: conferences for review of ideas and experi-

menta; and 

(3) To bring to the attention of the Department ot Defense areas 

where important applications c:e.n be pushed through. 

As such leads develop, a more concerted effort should be made to 

bring them into practical application by agencies yet to be defined. 

- 53 -
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A-5· ATO~UC COLlJSION CROSS SECTIONS 

. ;... 

KDowledge or the interactions or electrons and ions with atoms 

and molecules has important applications to the defense effort, as 

well as to 1118Z1Y bro.nches of science. We may mention a few such applica-

!· Atmospheric physical ionospheric ionization and recombina-

t1on rates; this is of importance tor some proposed methods of inter-

fering with en~ co~cations a&d radar; 

~· Weapo..s p~s:.cs (mus is one of the many important appl1-

cations); 

~· Missile development ( r.te re-entry problem has been tied 

to several ato~c reac~:.o~s; the d~tection of missiles within the 

at~sphere ~y ~e closely c~~~cted with a~spberic ionization 1n the 

wake; means tor destroying an ICEI-1 w1th1c. the atmosphere may exploit 

the •eapons capabiJ.ities t~ such a limit that very detailed knowledge 

ot ato~ic reaction cr~ss •~ctioc.s b•co~~s si~ificant); 

~· Con~roll~1 ther.DC:uelear reactions - here lack of knowledge 

of at:>:Uc and z:olec\Uar cross secUor.a involving impurities has been a 

serious proble:1; 

!· Che:ical re~ctions in gases. 

Unavailability of accura~e kc.owledge of atomic cross sections has 

retarded develc~ent in each of tne~c fields. 
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Although the basic 1nform~l1on has been avail~le for 40 years, · 

much of atomic ptyslcs has be•n ty-pass~d in the course ot the develop-

ment or phygics. 

This is true, particularly, of the study of the cross sections 

for scatterlr~ electro:& and io:s by atoms and molecules. It seems 

apparent that there do net exist "rules of thumb," or any practical 

theoretical basis, for C3king even qualitat,ve predictions as to bov 

these cross sections depend on the details or atomic structure. Also,· 

no co~reh~nsive bacd~cok t&culations of cross sections exist. 

There has c~ec little icprov~ent in theoretical techniques for 

handling these pro'bl~s droee the late 1930's. Developments in intense 

ion sourcu e.c.d atom1e be'll: •pparat'l9 vill :;>rovlde nev e;cp~rimental 

teeb::.iques wh.ict. ue ,last beglnlllr~ to be used. 

Host vork iz:. tt.1a co!l.L~ctir.n has tended. to be f!'IISI'e:lted. An 

individual worker dete~in~3 th~ cross sPet1cz:. for an individual 

re~ct1on. Such results do ~t 1c tt.c~elves secure a systematic 

1n::.ce·..u-ate, dtscH~aue~es as luge as a factor of tee re10aining even 

after extensl"i: st.udie:s ~.av~ b~u-, cade. 

P.eco=ne:1d~'t1oz:: 

f. ::pec1t'1c progra:o for tl:.e st~.:uy of atomic collisions might in-

volve: 
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!· A dW'V~¥ an<i eoor-.Hnation or ~.dating work (ror exBIIIple, 

by sponsoring conferences); 

!!.· Support or atomic bl'lam an<i other experimental apparatus 

to develop practical means or measurement; 

5.• Encouraseme::~t or a supporting theoretical program to use 

nev techniques in quantum meehanical scattering theory and computing 

metbo<is; 

~· Emptasizing toe 1mporta..ce or relating observation to the 

details of atomic :m;i 11>0lecular structure -- ~ thus to obtain means 

or predicting cross sections from a lalovle<ige of atoDJ.c structure; 

~· Preparatlon or a syst~tic t~ulat!on or cross sections, 

as bas been done, tor exe::~ple, 't:y the Hughes Committee on D'.lclear 

cross sectlona 

K. Watson 

A-6. MA.."'l'ER llr•DEl' ZXCEEDII'IGLY H!GB PRESSURE 

Recect 1~vest!gat!~~· ty B. G. Drickamer an1 co-workers have dis

close1 tMt ~u!: atanc~s u.r.::!.~r Vt:~ lllgb prouures (of the or<ier or sev-

eral lnlnu~i t!loJS~J .. tz:cspl:..ree) ~-:it unusual properties. Here-

to!ore most cr tbe very h!8h ~ress~re vork has ceen ccn:erned with in-

vestigatlng the etrects or compression as seen a_oter release or the 

press-.u-e. In contrast to suet. st•Jdies, Proressor Drlckamer has sue-

ceeded in measuring certain physical properties (such as infrared absorption 
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and some electrical chnrncteristics) while the substance or interest 

was under extre·.nc pressure. Among other things, he round that non-

metals begin to show some cetallic characteristics when the atoms are 

squeezed together so closely-thst ~nbonded electrons from different 

atoms begin to in~erfere with each other. 

It is now suggested that the measurement or properties or materials 

under eXtremely high presS'J.re• warrants ~her intensive study. Such 

study might enable us to understand better some or the phenomena 

occurring in nuclear explosions. It is also conceivable that a 

whole new rea.l.J:I or solid state physics and physical chemistry might 

be disclosed. It is quite possible that the results would be or 

substantial value to astrc~mers. Finally it is suggested that com-

pow:.ds of exc1 ted hel1uc w1 th other elements might be 111-"de under high 

pressures. If s~ab1lization of such compounds could be discovered, 

a new type of 1'.1al might r~sult. 

Reco.::m:enda.tion: 

Support by an appnpr1ate agency for good and forward-looking 

research pzcpr.=als. 
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A-7. Il'l'l'ENSE MACNET1C FIELDS 

In the recent past it has become possible to achieve very intense 
6 

magnetic fields, ~ 10 gauss. The eventual scientific and technical 

implications of very strong fields are not nov clear but their ~ortance 

is already evident. The essential point is that o.n entirely new range 

of physical par.....,ters has become accessible: magnetic fields vith an 

energy density approximation high explosive have already been produced 

vi th o.n expectation of ..ven higher tie1.ds. The characteristic of matter 
·.,.·: .. 

under the action of such fields should be studied trom the fUndamental 

point of view, as should the fields thems .. lves. 

A fe" e:<ampl'l's of promiSicg uses include: (1) the study of mixing 

in implosive systems vith the field as the light-decelerating medium; 

(2) the accel'l'ration of charged particles by the action of the magnetic 

field; (3} construction of tiny focusing magnetic systems tor use vith 

puls:d high e!lergy machines; (4) inhibition of the photographic process 

by the action ~f strong ~ttic fields; (5) containment of a plasma 

by longitudino.l ns opposed 1:0 pinch-type fldds. 

Some ideas have lu:.en ed:ro.neeJ as to ways in which even more intense 

~ul•ed ~ields can be obta~~i by means of nuclear explosions. 

To date the amount of worK don~ in this subJP.ct in the tree world 

is very small, with only a few active workers. Evidance exists that 

the Russians are active in this field. 
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Recommendation: 

-···· .. · -. ,, 
. ~ .. 

An appropriate eaeney should sponsor a symposium on intense megnetic 

fields. and seek for means to stimulate lll:)re rorvard-lookillg work in 
. ~· . . 

this field. Among those active in the tield vho might be invited to 

help organize such a symposium are: 
-~ ·.-.. ; " 

H. P. Furth (Livermore) 
C. M. Fovler (Los Alamos) 

F. Reines 

A-8. FORMATION OF CONCEPl'S Otrr OF DATA; AND SYSmiS RELIABILITY 

The Probl= 

One of '!;be principal problems that frequently arose in the course 

or Project 137 bas been connected vi1;b large-scale data handlillg. 

This includes identification, classification and evaluation, in eddi-

tion to computations proper. Problems or this kind are common to all. 

three services; in addition, there is th'! problem or information fiov 

vi thin the governmen• itself. Justifiably the three services have 

individually :o;ursued =Y a·1~oues of solution tor their many problems, 

righ'l; dovn •o the funda:nental aspects. These problems are, hovever, 

parts or a much more gen~ral picture. It is therefore useful to learn 

more about the 'basic underlying structure of this picture. 

The New Approach 

It is vell recognized •bat co~uter development bas been most 

impressive and that ambitious pl~s for very fast computers have 
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been formulated. However, it is our conviction that other, qualita-

tively different considerations should now be sought. When intorma-

tion about a prevailing state of affairs is collected and stored, this 

is done for the purpose of answering questions and making decisions. 

Hence, entirely novel procedures of automatic data management must be 

developed wbir.h permit rapid sifting and assaying of individual items 

or information as to their relevance in generally complicated contexts, 

possibly appreciated only in a qualitative vay. This operation of 

'"intellig~nt" reco~tion or signJ.ticant items in a massive volume of 

! priori undifferentiated (background) information is in marked con-

trast to the familiar approach by exact, abstract relations and precise 

ite~:~-by-ite~:~ sorting. Important contributions toward this end will 

undoubtedly come trc:n a deeper '.l:lderstandi.r.g or hov computers can 

better 1nteract vi th r.eurologico.l phenomena. As is vell known, the 

~ction or decision-making involves data process1ng and computations 

cocbined with thought process~a. 

The exceed1ngly ll.igh sp-=ed of col:lpUters contrasts with a much 

greatt!r nexibility of the hu::-.a:~ mind. For exqle, 1n directing 

n!r defense1 co~utcrs hav~ t~en knoYD to arrive at correct solutions 

b':lt at the price of very DIJLY c!:l.anges of orders duriDg the simulated 

u~>ttle. Human operators have been ahlt! to achieve the same kill proba- ·· 

bility •.nth fewer changes. A problem is, therefore, hov to combine 

the ap-.ed or the former with the intuitive power or the latter --

thereby attaioins a higher level than either one can reach at present • 

- 6o-
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A generalized data processing system that attempts to incorporate 

the neceas~, subtle features vtth heterogeneous 1~teractions is likely 

. to be a rather complicated affair. Its complexity exceeds that of the 

modern computers and data processors. But tor such complex equipment, 

as tor the recently proposed weapons systems, the question of reliability 

ot performance naturally arises. Procedures tor the systematic reduction 

ot the probability of malfunction on the part of a g1 ven system constitute . 

an immediate obJective of great importance. Even more challenging, hov-

ever, is the obJective of devising our systems in such a va;y that an;y 

failure vtll subsequently affect onl;y the lowest priority functions. 

Since it is patently impossible to build systems vhich never fail, the 

next best thing to achieve is the desigQ of systems vbich do not fail 

vben it matters. While it is true that logical desigQ has attempted 

to keep pace vith component development, the study of reliability and 

its attainment even vtth unreliable components has only been started. 

It is clear that this subJect demands great attention in the present 

context. Especially is t~is true tor systems operating under great 

constraints or in times ot national emergency. 

Familiar examples illustrat'!! these remarks about (l) automatized 

fo~tion ot tentative concepts or conclusions; (2) quick sitting of 

masses ot data to confirm or contradict these tentative conclusions; 

(3) design tor reliability vith unreliable components. In science, 

veather forecasting has progressed acme direction along lines (l) and 

(2), but has rar to go in systematic application of these principles • 
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In national defense, the tieldB of communication and intelligence otter 

outstanding illustrations. In these areas a well worked out philosophy 

ot reliability and concept formation would greatly strengthen our 

position. Also, improvements would result in the behavior and relia-

bility or a future anti-missile system or ot the already-program=ed 

POLARIS system, to take examples trom a vast collection in the field 

of weapons. Finally, a deeper understanding or features (1), (2) and 

(3) or decision-~ing would allow more realistic and tar more com

plicated versions or war games than those presently being carried 

out on computers. 

Information Systems 

Digital processing and decision elements, perfected in the rapid 

evolution of computers, are finding their way into modern military 

information and control systems in ever greater number and increasing 

sophistication. Yet, no matter bow generalized tor the purposes on 

b:>nd, the .;;attern or procedures according to vbicb they have eperated 

to date is th3t or arithmetic: exact, explicit and complete like an 

accountant's books. In contrast, one needs to examine the principles 

or large memories, i::.itially chaotic and with quite imperfect access, 

whose organization is effected and dictated by the application at band. 

Systems mW!t be thought ot that "tan out" into many cbannele, and this 

at several levels, operating simultaneously. At succeeding stages, 

~re and more detail may be accommodated, in a manner consistent vitb 

increased parallelism ot operation. Further, an hierarchy ot ~ 
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subsystems of storage is desirable. These subsystems rtJB:1 incorporate 

various existing components like magnetic cores and tapes; electro-

static devices, both digitalized and analogue; electromechanical or 

photographic techniques; display scopes. There are other possibili· 

ties that have recently been proposed. What seems clear is that the 

conventional devices are either bulky 1 time-consuming, relatively 

inflexible, or impractical. 

Rapid access to stored 1Dtormation is presently lim1ted to small 

portions of the data. Scennl ng large amounts or stored data 1s us~ 

a time-consuming ~fair. Subtle, imsginati ve schemes are needed here 

that represent nev dimensions. Perhaps the physiologist and neurolo-

gist, in concert vitb others vitb different disciplines, can make 

radically nev suggestions. 

Such systems should be designed to provide flexible interaction 

vi th the human being. This is an important aspect. Heretofore 

automation bas been applied under those circumstances which have been 

sufficiently simple to permit complete automation without human inter-

vention. In fact, the exclusion or the latter bas been one of the 

principal objectives. For the more subtle considerations envisioned 

here, the brain must be an essential component, interacting directly 

vith the rest of the system, in a flexible fashion. 
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Rel1nb111ty of Systems 

~te apart from the questions of logical design and organization 

of a large system, there arises the separate question of the reliability 

of performance. The question is, of course, of serious interest to 

those concerned w1 th any form of large system. Fund,amental considera

tions have only been hinted at. What are the general criteria. tor 

evaluating the performance; to what extent can unreliable components 

be used; hov much redundancy should be included; what forms of checking 

or corroboration should be incorporated; these are non-trivial questions. 

These problems are also closely related to the coding schemes used. 

While ve possess a very povertul theory of information ve still have 

to make a decisive step forward in order to exploit this theory tully; 

this step is in the direction of the discovery of systematic encoding 

schemes. 

Some Immediate Tasks 

\11th cur~nt, digital computer design furnishing an important 

take-off point tor the proposed studies, a number of specific ideas 

in this particular field are suggest-ed 1\8 varranting immediate 

exploration. 

!· The present thinking restricts itself to a very small number, 

usually one or two, of arithmetic units per computer. The emphasis 

has, in large part, been on speed. Hovever, with the development of 

cryogenic elements that lend themselves to printing techniques, it is 
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possible, as firs· sug .•. sted by J, Pasta, to conceive of a computer with 

~ fairly large number of arithmetical units, say a few hunclred, if not 

a few thousand. Such capabilities must alter cur tradi ticnal approaches 

to solutions of numerical problems, especially in the field ot partial 

differential equations. 

:!!.· For many app'loaticns of tbnte >rtc-typc problems, the structure 

of :::rlth::"'''' t.nlts ls not 'ery effiolen~. I., "'cat applications 10 to 

. :- l b1 t3 t>.at '-l'e u.eually 

available are qu:te unnecessary. 

£· Faster and mcl'f'! complex computers are being designed to extend 

the range ot tractable problems. For none ot the computers being com-

mercially produced has the question been raised ot the significance; i.e., 

number of meaningful bits, in th'! answer or answers. One may imagine 

that an ac e,:table pr: .. dur -., ::t be to describe a number, not only 

as a f·: .:t.cn and an ossc.;L·,··"' .xponent, but with an "index ot sig-

nifican ·e·•. Thin b1-ute terce approach clearly involves more hardware 

it n·' c.::::;>letely clear "hat the appropriate rules should be. Some 

s ·_;g stiono have alrea·jy be~n made, but more at~ is necessary. 

Gener~l R~ccmmendaticn 

It is strcn~ly reccmm nded that a grcuv be termed to st~ these 

ro':tle·'" and work out a i asically rtP.:.r attack on them. It 1& necessary 

• .,,, grou.c :n• · '' •e not cc.ly mathematicians and engineers, but 
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biologists, neurologists, logicians and physicists. This group must have 

at its disposal, me or encumbrances, tunds and laboratory facilities; 

the detailed nature o:r the latter can be specified by tbe group as its 

ideas gradually develop. As these ideas become firm, it will be neces-

. sa.ry to expand the program in some manner in order to reach its objectives 

ot a. working system. 

The qua.llty o:r people, together with the desired spectrum o:r 

disciplines, is suggested by the following list (apart trom the study 

group). We :reel that many o:r them could be interested in a. program 

suggested by the present report. 

Engineers: Julian Bigelow, IAS, Princeton University 

Ralph E. Meagher, Un1 versi ty o:r Illinois 

Jerome Wiesner, Massachusetts Institute o:r Technolo~ 

Logicians: Claude Shannon, Maasachu..etts Institute o:r Technolog: 

R. L. Ashenhurst, University o:r Chicago 

Minsky (ct. Shannon) 

14a.the!DB.ticians: 
A. B. ~b, university o! Illinois 

S. M. Ula:n, Los Alamos 

B. Bremermann, Berkeley 

Sta.•isticia.n-Systems: 
J. w. Tukey, Princeton university 

T. M. Andersen, Columbia. University 

Carl Ohman, National Science Academy 
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Physicists: 

A. Newell, Carnegie Tech 

w. W. Bledsoe, Sandia Corporation 

Symonds, Standard Oil of New Jerae~ 

1!. Simon, Carnegie Tech 

R. D. Richtm;yer, New York University 

Hugh Everett, Weapons S~stema Evaluation Group 

L. W. Alvarez, Berkele~ 

A. •· Lawson, Universit~ of Chicago 

F. Seitz, Universit~ of Illinois 

J. Bardeen, Universit~ of Illinois 

J. Pasta, Atomic Energy Commission 

A. Nordsiek, t1n1 vera! t~ of Illinois 

Biological Scientists: 
D. Mck. Rioch, IAS, Princeton 

A. Novick, Universit~ of Chicago 

J. Hof!tlan, Buffalo 

Joshua Lederberg, Univerait~ or ~1scons1n 

J. Le~tvine, Mass. Institute of Technology, RIB 

F. Rosenblatt, Cornell Aeronautical Laboratory 

H. Quastlee, Brookhaven National Laboratory 

Specific Recommen~tions 

a. An appropriate agenc~ should sponsor an interdisciplinary 

meeting in the near ruture on Formation of Concepts out of Data and 

S~stems Relia'bilit~, to stu~ specific needs of this program, and to 
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try fUrther to appraise the prosp~cts it vill open out. Such a meeting 

could be held in the area or the ArgoDDe - t1D1 verst t:y or Chicago • 

UD1vers1t;y or Illinois complex. 
. . 

~· AD advisory cOimllittee should be selected rrom those activel;y 

interested in this field, to recommend appropriate practical means tor 

forwarding new advances in the subJect, including contracts and such . •.' 

new computation laboratory facilit:y as seems appropriate. 

£· Possibilities tor application to ur~nt defense problems should 

be sought regularl;y and imaginatively through this advisory committee 

or otherwise, and, when identified, should be referred to appropriate 

ac-cncies of the Dep~.ment or Defense for the earliest possible 

development. 
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II. Metropolis 
0. Morgenstern 
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A-9. ARPA AND THE SCX:IAL SCIENCES 

Altho\l&h the eonsidera.tions of this group have been largely directed 

to the bearing of the }'hysical sciences on problems of Military Science 

defense, ve have been much impressed by the possib1li ties offered by an 

iznaginati ve exploitation of the social sciences in the same connection. 

A number of groups have ~ssed themselves to this matter, in an 

endeavor to identifY areas of research which might hold promise 1n 

defense applications. Here ve ma;y cite in particular the work of the 

·'-

.: . . 
Subcommittee on Social Sciences of the National Academy of Sciences, and 

of the Ad Hoc Advisory Group on Psychology e.nd Social Sciences, ottice 

of the Assistant Secretary of Defense for Research and Engineering. 

Both of these groups have described broad fields of stu~ 'Which have 

obvious and important mili tar;r applications of both i.mlllediate and long- • 

range chara.cter. Prom both reports, one gathers the impression that 

far too little emphasis 1s being given to the explotiation of the 

powerful tools and techniques at the command of the social scientist. 

Quite evidently 1 the present group 1 composed as 1 t is largely of 

physical scientists, cannot presume to Judge the merits of detailed 

proposals for vork in the social sciences. Nevertheless, ve cannot 

refrain from expressing our deep conviction that a vigorous explora

tion of these broader fields is of crucial_ il:lportance to the defense 

of our country and that the advantages to be gained by their 
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exploitation may tar out.weigh those to be anticipnted by the more IIIUildene 

prosecution of hardware developments, The most sophisticated weapons 

system is of little avail it it is applied at the wrong place or at the 

vro"g time or by the wrong people. More than an;ythi.ng else, we need 

imaginative formulation of policy, careful articulation of obJectives, 

and considered evaluation of the relations of men, weapons, and missions. 

These are problems vb.ich can only be solved by an enlightened and ag

gressive attack, utilizing the tull power ot all the sciences, but 

w1 th strong emphasis on the methodology and subst:mce of the social 
; .• : . 
~ . .. 

sciences. 

RecOimllendation: 

We strongly recOIIII!>end that every impetus be g1 ven to the tullest 

possible exploitation of social cc!ence snd social scientists in all 

aspects of defense problems. Hore specifically, we urge that ARPA 

consider these fields an integral part ~t "Ad•-anced Defense Research" 

and select tor support and exploitation certain of the fields recom-

mended as particularly important by the two colllllli ttees previously 

mentioned. Persons 'Who might be helpfuJ. in this field include: 

Dr. Rensis Likert - lhiversity of Michigan 

Dr. Dael Walfle (?sychologist) - Executive Secretary - American 
Association tor the Ad'lancement of Science 

Dr. Paul. F1 t ts (Psychology, Human EnGineering) - l.1ni verslty ot 
Michigan, Chairman, Social Science Panel, SAB, Air Force 
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A-10. MILI'OOl'! EXPLOITATION OF BASIC lJ, S. /USSR DIFFERENCES 

One or the more conspicuous aspects of current 11. S. defense pl.alm1ng 

is its close dependence on technological development. Sure~ 1 t is vi ta.l 

to our security that ve exploit to the fUllest such possibilities as an 

improved mastery of nature can offer to increase our defensive and 

offensive capability. On the other hand, experience indicates that 

one way or another, every maJor advance of this character is prompt~ 

taken up by the enem;y, with the result that the war-making potential 

of all countries rises vi th lllOnotonous and frightening regularity, 

modified by o~ tecporary fluctuations in favor or one side or the 

other. 

For purposes of arg~nt1 we suggest that 1n the present state of 

culture of the nations immediate~ involved, the seeds of war lie 1n 

certain differences between nations, cultures •ftd individual people. 

It seems quite unli.kely that any serious cnli'lict could arise if 

Russians and Americans were indistinguishable from the point of view 

of ideologr 1 environment, standard of living, etc. If these differ-

ences could be :oad.e to disappear, there would be little occasion for 

war as long as the earth can teed us all. 

If one agrees that the problem which confronts us depends upon a 

difference between the parties, it behooves us to exploit that dif· 

terence in solving the problem. Only in this way can we hope to 

obtain an adva.tti.s.ge which will be absolute, in the sense that 
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dupllc~tion of the system on the other side will not conBtitute a 

counter. As un obvious but illustrative exwnp.lP., a weapon which inca-

·"l',ctu.tetl. or destroyed any person who tbreaten"d to enslave his 

neiGhbor would satisfy most Americans and would be far more satis-

factory to us than more con~entional w~apons whose discriminatory 

po•"r depends on the accident of possession. Less trivial is the 

possibill ty that qualitative differences in the capability of inde

pen~nt thought and ~ction by individual Russian and American 

.c:.' .-

---.. 

soldiers might be exploiteoi to our adV!llltage, particularly in a var 

in·tolviag great dispersion of com~at units. Not less important as a 

distinguishiag feature, but less easy to exploit in our favor is the 

disregard for humac life which seems so~ti~s to characterize 

Russian oper~tions. 

Quite evidently, the ir.•tention of a truly discriminatory veo.pons 

system is a difficult Job. On the other band, putting a man on the 

moon is also difficult, and ti:.e solution is far less interestiag in 

the present con~ext. We sug..-e!t that t.he relative allocc.t!on of' 

effort to these tvo endeavors is lamentably disproportionate in view 

of ~heir respecti~e !cport.:~e to the pres~rvation of our society. 

Even a modest improve:oent in our under:ltandiag of the enem;r mey have 

the most importc.nt coru;equeliCes for war and peace, and even the 
, 

revelation of a sil'lgle non-counterable weapon, diplom:~.t!c, economic, 

or military, may give wo adventaees f'ar out of proportion to the cost 

of' even quite an !ntensi ve study progrom. 

iiiRI!Iil' 
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To elaborate the matter somewhat, and. to form some vague basis for 

a closer study, we examine here a few of the obvious points which might 

be considered - a . .'\d. mght, of course, be much amplified. These remarks 
··: 

are directed spoecificall;y to the question: "What differences exist 

between the USSR ar.d the u.s., and how can these differences be exploited 

to our advantage?" ·-- '... _., 

a. Envirocment 

(1) Russia is, to a considerable ertent, a landlocked 
·''· .. ' 

•.:·.· 

cation: cOIIIIII'.mication by water is largely restricted to her canal and . ···" ..... :. :. ·:·~. 

river system. Transportation of materiel and m.::111pover from one point 

to another must therefore be relatively expensive, both in terms of 

capital equipment a."'d. fuel. To what exter.t C:lll this eJq:ense be aggra-

vated by varti:ne ir.terdlc\ic"- of the canals? Do the canals and locks 

offer an;y specially advantoge.:>\IS targets? Could the threat of a::~phibioua 

operations on the northern coastline be w;ed to force the Russians to 

W4intain large forces in this inoo;pitable terrain? The rather con-

spicuous difference in the avallability and.usP.fUlr~ss of the oceans 

to the two sid~• voul~ •ugg~st that strong emphasis oc. naval and 

amphibious ca.pabilit;r on the part of tlle U. s. misht well be to our 

a.dvan~age. This is clearly ar. eXBI!Iple vhere we need not, and 1.n fact 

must not, simply attempt to m&tch the Russians one to one. In the 

past, command of the ocear.s na~ many times detoermined the fa.te of 

na.tions. 
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(2) Eastern and Western Russia are rather poorly connected: 

important installations on the Pacific are separated by vast reaches 

1'rom the center o! authority. Might 1 t not be possible to cut ott and 

diminate P.ssentially all o! Siberia with a relatively small e!!ort? 

Would it be possible and profitable to establish and supply large baaes 

ot our own in this terri tory? 

(3) La:'ge areas of Russia have ex;remely cold winters and 

otter only marginal suppo1t !or their populations. Could this situation 
' -;.';;. -: . ~ -

be aggravated by any conceivable modification in clil:latic or ocesn 

current pat.tern:l? What "<ould be the consequences or a moon shot? Would 

cutting tre Isthl:!us of Pa.nnma at!ect the Cult Stream? What are the 

possibilities or modifYing rainfall patterns by systematic cloud seeding 

in Western Europe? Could a nev Ice Age be induced in Northern Russia? 

( 4) Prevailing winds in the Northern He:C.sphere run rront 

West to East. Can tbis lac tor be exploited through maasi ve gaa or 

fallout attacks? Could the ""'""' threat foi"'<> Russia into expensive 

cow.ter:neasures? co·u.li rolloon-carri~d veapons or instruments be used 

to our advantage? What use can be cade c.t the jet stream? 

It is abundarltly evident that maey I!!Ote differences can be dis-

covered in the Ol'nvirorunent, social structure, economies, nnd. perscna.l 

attributes of Russians ar.<i lu:leriea.c..e. Opinions will differ as to 
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vhich of these differences c~ be turned to our :W.vsntage in a mili ttl%')' 

~- :. 

the ~asic problem. It is suggested that a s~stematic stu~ b~ a group 
I -~ .. - -

comprising experts in 'both social and peysical sciences might reveal. 

possibilities for some quite sophisticated veapons. 

Recommendation: 

Support of such a vork·stu~ gr~up b~ an appropriate agenc~. 
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B. ENVIRONMENTAL ~~LY~ES 
' . : ..... 

B-1. THE PHYSICAL EN'."lRONMENT OF MILil'ARY OPERATIONS 

Ot the many factors "hich bea.r on the eti'ecti veness of wea.pons 

aystema ot arJ:J kind, ~unl;y a. br~a.d knowledi;e ot the physica.l environ

ment in which they are to !'wlc Lion is among the most bssic. Wha.tever 

our weapons may be1 th..y must operate in the laLd, sea, air or the 

space outside, and in many ca;es their design must make explicit use 

of the properties ot these media, pa.rticula.rl;y those properties 

genera.lly categoriz-!!d under the fi~ld~ ot geophysics, oceanography, 

meteorology, and physics ot the exosphere. Fecause or their grea.t 

importsnce and universa.l interest, a.ll of these subjects ha.ve been 

explored in some deta.il, 'tooth 'toy military snd civille.n investigators, 

and an extensi ·re body or k.'l·:r~lP.<i<!o: has been "ccW!lulated. Within each 

of the indi·rual discipliru:=, mact r.ational an-i intern.ationa.l agencies 

have been established to coordinate research activities and to 

fa.:: ill tate collection a::d d!s semi n:>.ti or; or !n.rormation. In addition, 

the individual militart s-ervices have vigorously supported both basic 

and applied research io the~e fields to the extent that one 1118)' say 

that there are no i=dio.tely ot-viou.; subject.~ of l:li.li tary icportance 

in wh:ch eff~rt is cccplet~ly l~cking. 

On the other h•.nd, Ar•PA has a responsibility which tr~scende 

the obliga':lons of any individual :nl.li~ary arm, and one which is not 

nece3s'lrily :net by ~purely civiUar: agency. ARPA s!lould concern 

itself with long-r.ng'!! projec~~. often out of the context of a 
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particular appll ""'·' nn, "n•1 ~tlould be prepo.r·ed to exploit MY improvement 

in basic knovl<?dge, pvticu.Ja.dy in the fields under discussion here. 
. . 

... 

ll'lder thesP. circWIIStn.'l<:eE_, tt wul:l seem appropriate to suggest_ -. 
that ARPA malnt3in an activ~ int~re~t in these fiel:ls of endeavor, and 

search actively for sul-jectE of possible milit!lry interest in vhtch it 

ma;J be desirable to in:n-ase ~he level of support. 

In the' Work-Stu1y Cro••P • s "Met e><posure to current mili ta:-y problems, 

several fields l:a·•e appe:ui':1. which so:em to deserre iocreased attention • .. ,_ 

Of theoe, p~rhops thP mos~ co~=~::uous are those branches of oceanography 

and "ocean met"'crolcgy" having to de vi th long-range sound transcl.ssioo1 

propaga~icn cf electr~:n~e;r.et.ic Ddietion in water, an:l the topography 

ot the ocean floor. I~ •eeCE ~not u. s. effort in tl:ese matters is on a 

far smaller scale tha:l th:1t of the U"'..SF, particularly on the last-

mentione·i su!lject, ar.d fer 1-:;; tt:.a.D their importance vould Justify. 

Ano~hrr tiel:! in Yhich mo~ ef~0rt v-:>uld. :c:ew tv ~ 1ad1~atc:d bub 

envi roruNmt of 'l g::-ou::..::.l an:y n.~ re seem:; to te ifi~·..:.fficient effort 

this matter ar.1 of •ne tactJ.:al ad·•ar.ta~s tote gained from an ability 
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to deal with it. Asiac f!'om the rather obvious observation that the 

necessary instruments and indoctrination do not appear to be available 

on ~ing like a realistic basis either in the Ar=y or among the 

civilian population, there seem to be significant gaps in the basic 

knowledge required to deal vi th fallout problems. 

Still another area where a hard look is required to determine 

... -.. : 

..... 
whether our current research ei'i'ort is adequate, concerns the properties 

of the upper atmosphere, the ionosphere, and outer space, especially 

as regards propagation of elect.romagnetic radiation and charged 

particles. It has become appa..-ent that the feasibility of a number 

ot weapnns syste::.s under current discussion depends in c. direct way 

on certain of these properties about which only guesses can be made 

at present. 

It should, perhaps, be observed that the functions of the U. s. 

committee on the I.G.Y. are illustrative of the power and usefulness 

of a ccordi nating :>geru:y in accelerating a brO&.d field of study. 

llith a budget e.nd a mar.ro"""r ~o=l. tment which iS certainly not 

excessive, this group he3 e~iste~ active support trom a large number 

of independent institutions and hav~ done much to make possible 

research on a world-wide scale. 

jJ It should be emphasized that the Study-Group's ini'or-~tion is 
quite scanty and that the icplied cri tici~n may be quite unju:;tl
fied. These remarks are intended only to suggest that the 
situation be exnmined. 

- - . ' 
;;:s ~·-~·-· 
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Recommendation: 

The rossibillty that ARZ'A m!c;ht perform n similar s.,rv1ce, or even 

inherit certain or the functions of the I.G.Y. committee vould seem vorthy 

of serious consideration. 
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-:. Lauritsen 

R. Shepha.rd 
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B-2. RADIOLOGICAL MAPPING AND COMBAT SURVEI!l.Ali:E 

Currently planned nuclear explosion detection and analysis techniques 

seem, on the vhole, to fill a significant part ot the need tor combat 

intelligence on this subJect. On the other hand, the proposed system is 

rather complex and much of the information obtained is of leas th.'ln 

immediate interest to local Battle Group and Divisional co~~~~~~Snders. For 

the purpose of an officer planning an immediate operation in a battle area 

vhere nuclear veapons have been used, the principal questions must 

evidently have to do vith the existing radiological situation vithin the 

locality in vhich he expects to ma.neuv.,r. Fot: b.1.a the greatest need is 

for a current, detailed radiological map and tor the ability to make 

quick spot checks at points vithin a fc• thousand yards of his lines. 

The levels of radiation ~r.ich are or military significance are 

enormously high compared to those vhich are encountered, tor example, 

in mineral prospecting. Typical levels in the latter case would be 

&ace tenths of milliroentgec.s per hO•Jr 1 whereas a level of sooe tens 

of roentgens per hour eight vell be regarded as an acceptable risk 

tor transit ot troops. It tollovs that the necessary instt'UICCntation 

tor military applications can be co::t cr.uie and rugged - possibly 

designed r.U.ong the lir.es or a meteorolo,;l.cal radio-sonde. 

A number ot obvious solutions suggest themselves, rangl.ns from 

the most simple, expendnble instruments, available even at platoon 

- &> -
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or comp~ level, to drone-carried or rocket- or motnr-f'ired devices, 

controlled, f'or example, at divisional or corps level. As a minimum, 

it vould appear that dai~ weather mapa iasued by local meteorological 

un1 ta could easi~ include rather detailed radiological information. 

In addition, as indicated above, quite simple arrangements would permit 

a local commander to investigate the situation for himself at any time. 

apparent lack of emphasis on this problec in current planning f'or 

combat surveillance measures suggests that the implications of a 

radioacti ve~·cont:u:Unated l;attlef'ield as a matter of dai~ course 

may not have been incorporated into operational doctrine to the extent 

vhich the situation demands. !he existence of high radiation levels 

as a more or less permanent feature of the environment poses a number 

of questions, and the ability to accOlllC1<l<hte to such a situation may 

well be decisive in an operation involving nuclear weapons. 

Reco::ll:lendation: 

Emphasis in current planning on radiological cap;.>ing and cccbat 

Sllr'le illance. 

- 81 -
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B· 3. STATISTICAL DATA TO PLAN FALLOUT ASSOCIATED WITH 
USE OF ATOl.(IC \IEAPQNS_BY ~ GROUND FORCES 

' . 

Hov to la;y dow tomorrov a desired pattern of fall.out is important 

for nn area commander Just as it 1S iolportant for local co~~~~~~&nders to 

know hov to lead their troops sai'ely throuc;h tc<l.:ly' s battlefield 

radioactivity. 

The planning of ground bursts to achieve a desired fallout pattern 

-· 

.. ,. --. ,._-_ 
is only partly understood. The planning depends on meteorolog(, plus 

such knowledge of the winds as is g1 ven by field ceasureeents. Proper 

planning de~ds =ore - a knovledge or hov reliably a specified fallout 

pattern can be secured. 

Reco::.endation: 

An appropriate a,ency should sponso:- resea:ch: 

a. On the statistical variations or winds - in time, distance, 

and altitude - about the values indica~ed on the kind of measuring 

equipcent that will be used in the field; an:l. en the correlations among 

such variations; 

b. On the planning of measurements for this purpose; and 

c. On hov to use the :t'esults to tell vhat one can do reliably 

about securing a desired fallout pattern. 

R. Shephard 
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B-4. A RADIATION D~TOR FOR FIEID USE 

The urgency of providing a simple and e.dequate radiation detector 

tor field use has led to the development of a le.r~ variety of in

genious devices, and there seems little doubt that if the need becomes 

sufficiently acute, several quite satiSfactory solutions will be 

available. The present note describes a scheme which otter~ some 

advantages as. an interim measure and which might deserve some further 

study, at least to ~he extent of assuring patent protection of the 

government's interest. 

Among the many devices which can detect nuclear re.di:J.tions, 

probably the most ta.ml.lie.r is the Geiger-Mi,:ller counter, which gives 

an electrice.l response in the form of a single pulse each time an 

ionizing pe..-ticle traverse• the sensitive volume. UDder nor--al con-

dltions, the cosmic rays and natural background radiations will 

9roduce a tev counts per minute in a Gei~r tube vi th a volUJte of a 

tcv cubic centi=ters. For the most primitive device of this sort, 

four elements are required: a Gei~r tube, a power supply of a tev 

hundred volts, a sicple amplifier, and an indicator - often in the 

form of a headphone or loud speake.r. With the exception of the 

Geiger tube itself, all ot these components also exist in SZJ;f vacuum 

tube radio receiver. In principle then, conversion of a standard 

receiver to a radiation detector requires only the addition ot the 

Geiger tube. 
Appendix "B'' 
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Many possibilities tor the mechanics of the conversion suggest 

them.celves immediate~. Perhaps the most attractive would appear 

to be a simple replacement of one of the audio amplifier tubes with 

a plug-in unit cnmprising an identical tube to which is attached the 

Geiger counter and associated electrical circuitry. The Gieger counter 

tube, which need be no more bulky than the standard minature radio tube1 

might be connected from the amplifier tube's anode to the control gr1d1 

with a suitable coupling condenser and a limiting resistor, the whole 

arrangement mounted on a standard plug-in base so that no internal 

connections need be made. A slight~ more sophisticated version might 

incorporate a separate swi t~h to disconnect the Geiger tube when desired. 

In normal operation, the effect of the Geiger circuit would be to 

superimpose occasional "clicks" - some 5 to 30 per minute, depending on 

the size of the detector - on the normal rece1 ver signal, providing a 

constant monitoring of the background radiation whenever the receiver 

is 1n operation. Any significant increase in radiation level would 

immediately manifest itself by an increase in the frequency of clicks. 

An increase of a factor ot two or t~""!e would call for some investi-

gation - a factor of ten increase would be tar outside the limit of 

normal 1'luctuatio~.s in background, and would constitute a definite 

warning. A factor of 100 would represent a radiation level 1n the 

general neighborhood ot the so-called tolerance dose (a few tenths 01' 

a roentgen per week). A dangerous radiation level would produce a 

continuous series ot clicks, or might even render the device inoperative 
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(this last contingency could be guarded against by suitable circuitry). 

An ordinary radium-dial vatch held close to the Geiger tube would evoke 

an immediate response and would provide a convenient method of checking 

the function. 

It is evident that the Geiger counter device here con:e.i wd does. 

not provide all the quantitative information which might be desired in 

ease of a fallout attack either in military or civilian situations. 
··"·.· 

Such information requires more sophisticated instruments ana the inter-· 

pretation requires trained observers.. On the other hand, in the present 

world situation, and for the immediately forseeable future, what is 

req•lired is a wa..-nl.ng device which is sufficiently insistent to command 

attention, and which will not be found to be out of order wben the need 

comes. Assuming that the technical development does not present un-

foreseen difficulties, devices of the kind described here could be 

procured very rapidly and easily installed in the field. They could 

be made avail:lble for all mill tary radios down to company level, and 

possibly even to platoon level. Conversion of civilian r3dios would 

be equally stra.igbtfor•ard. Adaptation to low-voltage, battery-

operated cr tr3nSistor receivers can certainly be made, but would 

probably present so~ complications. 

Recommendation: 

Construction of plug-in inserts of maximum uimplieity and evaluation 

vi th a View to widespread installation. 

T. Lnuri tsen Appendix "B" 
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B-5. MIUTARY GEOPHYSICS 

Meteorolos;y is an important input into the mill tary equation and, by 

this token, is an important part or mill tary geophysics. But, so also 

are climatology, geography, drainage, landforms and ecology. Much data 

in these areas must still be obtained. Also, much exists 'llbich has not 

been used or even comprehended. Military meteorology available at the 

time, if used, could have changed Napoleon's campaign in Russia; Hitler 

neglected to profit by Napoleon's lesson; and the same mistake van 

repeated in Korea by our own forces. In each cese c=unications 

app:orentl)' broke down. The men Just didn't get the word. 

Today ther" is equally narrow understn."lding of the icport:'.."lCC of 

military geophysics for fUture struggles. A detailed knowledge or rain-

fall, soil factors and the covering road net in future combat regions 

may be Just as important in the solution or the mobility problem 33 a 

=h-!loped-for breakthrough in drive power for vehicle=. Systematic 

study or the local :teteorolb<3:f or the Korean combat zone, ·.ri th fore-

cast!ng techniques to predict whether or not the second valley over is 

tog-bound, or vill be tog-bound in to·u- hours, may well have changed 

the outcome or engagements as well as indicating entirely d.t!ferent 

tactics. 
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The folloving sorts of information vill be urgently needed in 

future land combat. Mastery of techllique3 to get this information can 
-·-·::-'··.•. 

well spell the difference between victory and defeat. 

Indirect Bomb Damage Assessment 

Kno~ledge of the optimum effectiveness of nuclear weapons in 

casualty production requires a knowledge of what the meteorological 
.--'c .. ' . ~ _:: ·- . 

environment of the target area vill be at time of strike. Atmospheric 
-~- ·j~·~:_:·~~-: ~ 

attenuation ill the target area vill have a marked effect on the 
,._.,,_.;_~~·~/-ii".:f:.::;.-~. : .. "'" 

effectiveness of thermal radiation as a casualty producer and, also, 

can aid in the estimate of how much protection can be afforded to 

exposed persoll!lel. 

Use of Photography, TV and Infrared 

To be fully ~ffective, the above techniques being planned for 

combat surveil.lance must take l!ccount of the effect of meteorological 

factors on ~t=o3pheric transmission of visible and infrared radiation. 

Absorption of infrared due to the presence of water vapor and carbon 

dioxide in the air, and the attendant scattering of the shorter visible 

wavelengths, seriously affect the performance of OPtical and infrared 

equipment, so much so in some cases as to make the equipment useless. 

Meteorological Corrections for Sound-Ranging 

\lied fields, water vapor content, and inhomogeneities in the 

atmosphere have a significant effect on the accuracy of bearings on 

- ·'J7 - Appendix ''B" 
IDA-ARPA S-1 



... -· •· ... 
. . . - . 

ene~ artillery and veapons as determined by sound-ranging gear. Sound• 

in-air detection as a technique has been effective in World War I and II, 

but the li;ni tat ion on .. accuracy of location of ene~ veapons depends upon 

the ability to obtain timely meteorological data as vell as to determine 

the influence of landforms and vegetation on acoustic ranging. 

Meteorological Corrections for Ballistic Missiles 
·" -: .. , .. 

Unguided missiles, and, in a number of cases, missiles vith terminal 

guidance, require knovledge about the vind fields to apply correction.s 

for accuracy. In particular, such missiles as the LI'l'l'LE JOHN are affected 

by lev-level vinds during launch. Little is knovn about the variation of 

local vinds and hov to ceasure them to effectively correct the paths of 

such missiles. 

!~eteorological Data for Fall-out Prediction 

Existence on the nuclear battlefield vill depend upon being able to 

est~te height of burst, position and yield of the ~npon, average 

p~icle size of radioactive material, velocity of fallout profiles, 

and "Jind fields as a function of altitude. Studies in these areas are 

f..r from ade1uate. Far greater effort must go into such atudies before 

Meteorological Correction3 for Radar Accuracy 

Radar range accuracies are limited today by the variations in the 

propagation characteristics of the atmosphere. Accurate knovledge of 

refraction is closely linked ·.nth the meteoroloe;y of the propagation 

- 36 -
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medium. Further improvement of rnli."lr accuracy can be enhanced by more 

accurote knowledge of meteorologica.l factors involved. 

Meteorology for A£sY Air 

Arrtry Air although limited by size of aircraft, flight altitude Bnd 

range requires the same type of meteorological inputs traditionally 

associated ll1 th the early growth of the aircraft industry. Much interest 

will lie in local meteorology rather than the synoptic type forecast 

nw a·:ailable. Landin.; fields 'Jill be rudimentary in cnnstruction; night 

operations 'Jill predom!nate, and various kinds of sensing equipment carried 

on bca.""<l. 'Jill be directly influenced by the at=spheric condi tiona. With-

out a full understanding of the fo.ctors influencing the environ:nent, no 

loc:ll forecasts 'Jill 't:-e possible and the full potential. of aircraft 'Jill 

be hig.':lly de!>l"aded . 

• 
General Heteoroloe;,r 

ll.uch ao be~n sa.id. rc3:U"~r~ tl':.e i:Il'ortanee ot ::eteorology in veather 

=~dif"c~tion, in clicatolo~r, in ~~tery of the Polar ~ tropical en-

"liro=ents and in up,;,r atmsp!;oric phe:lo::>ena. The atto.c~ on the proble:n 

of synt~.esls or tr.c ~•ey rclate·i phe::.~!!:en!l ho.s been "fer-; spotty. There 

a;:;;eou-s to te no ceatr:ll group con:erned with un overal.l IL"'l.derstan:llng of 

the5e pho;,noroeno. end their reht1o:1 to l!ll.lit!U""J Md cl•rJ.lian requlreoents. 
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Reco:nmcndation: 

The Department of Defense has a vital stake in meteorology and other 

fields of military seophysics. The present unsatisfactory state of 

military meteorology is a reflection of the retarded and narrov scope 

or unclassified meteorological research. An appropriate existing agency 

~hould consult vith L. Berkner and others closely associated vith ad-

vanced thinking in this field, to determine what should be done to 

produce an order of me.gni tude iJ:!prove:lll!nt in the present level ot 

forvard-looking research in this field, and in the amount of young 

talent attro.cted to it. 

- )Q -

R. Weiss 

Ap:t;endix "B" 
IDA-ARPA S-1 



:wuu j 

B-6. ON DETECTION OF SUBMARINES THROU:OH SURFACE EFFEX:TS 

Several suggestions have been made concerning the possibility of 

tracking submarines or surface vessels by virtue of changes which 

they produce in the water. ~ese ouggeotions include dete~tion of 

electric or electromagnetic fields, detection of induced radioactivity 

(for nuclear-powered vessels), chemical sensing, and bolometric measure

ments. It would seem natural to inquire vhether the mechanical 

disturbances of the water does not deserve more consider~tion in this 
... 

connection. It is vell know that the vake of a surface vessel remains 

discernable to the naked eye for long periods - certainly many minutes, 

sometimes . for several mile·s behind a fast-moving vessel. It ms;t be 

!'resumed f'rom this observation thnt some change which is introduced 

into the vater by the propeller must persist in a form vhich ms;t be 

detectable at even greater distances vith suitably chosen instruments. 

One conspicuous change vhich is associated vi th propeller action 

is the introduction of large quantities of rotation, in the form of 

"vhorls", or cells ot c:.:-culat~ng fluid. Disstp ... tion of the angular 

momentum of these cells occurs almost entirely through viscous force"S 1 

and in zu~h a relatively non-viscous fluid as vater, such cells ms;t 

be expected to persict for a rather long time. An instrument designed 

to detect small amounts of rotation in the vater might then offer the 

possibility of a specific indic~tor of propeller action, even long after 

the source has passed. Diffusion or the vhorls to the surface might 

reveal the presence of even a deeply-submerged submarine. 
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We understand that some attention has been given to the detection 

of this and other surface effects by both Canadian and U. s. invest1ge.-

tors, and that the results seem promising, although some aspects of the 

phenonema observed remain obscure. These reports, together with the 

puzzling observations referred to as Nidar, Chloe and others, suggest 

that ve have much to learn about the mechanical properties of the sea. 

Quite recently, the ONR have undertaken a major program in an effort 

to identify the important areas for further vork in this field. In 

Viev of the importance of the subject and the expec~tion or .·o.;!.:i 

advances as more effort is brought to bear, ve recommend that ARPA 

keep abreaat or these developments and be prepared to lend further 

support to the prosram 1f required. 

- ?2 -

T. Laur1 tsen 

J, Weyl 
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C. PROJECTS Al!D APPLICATIONS 

C-L BALLOON A'l'l'ACKS AND CY:'HER NON-CONVENTIONAL WEAPONS 

In various current studies the possibility of using fallout in a 

retaliatory att~ck on Russia is cons!dered. The fact that vest-east 

vinds prevail is of great importance in this connection, but our knov-

ledge of these vinds, their seasonal shirts, local peculiarities, etc., 

is inadequate. 

It is necessary to point out that the possibility, envisaged by 

some, of using balloons, carrying nuclear veapons into Russia, encounters 

great ~.ifficulties. For one thing, they would have to be released in 

\/estern Europe and. it m:J:J be difficult to accomplish this during vartime 

there. They ::JtJ.Y drift into friend.ly territory, etc. But they may 

offer so~ p~ssibilities in a pr?longed war. 

It is quite different should Russia decide to use this method of 

att~k and combine it vith other forms of attack. Such balloons, 

ca."'T)'ing perhaps megaton vea;ons, could be released in Siberia, or by 

sub=ines in the ~aci!ic, reach the jet-stream and drift over the 

whole of the u. S. and Canada. They could be tused so that they sense 

cities (by ~:ee:..s of ir.fr.~red), or other obJects. They vould carry selr-

destr•ctive devices; e.g., so that they detonate at least over the 

Atlontic Ocean should they have failed to go ott over the U. S. Balloons 

traveling st, say, 6o-8o,ooo teet, vould play havoc vith our local air 

defense. They cannot be rea~hed by fighters and are difficult to shoot 

dovn by expensive Dissiles. ~~y of them vould be decoys, but it vould 

- ?3 -
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be impoosible to distingui•h decoys from the real thing. Even. if the 

bnlloon were shot down, the weapon could easily be fused so that it 

would e:~lodc at any rate, at QnY predetermined altitude, while f~ing 

to the ground. It is a cheap weapon. 

It is true th:n. all this would obt:Un were we to use balloons 

a.:;:L!.n=t Russtd. \/hot n~ed: to be pointed out, however, is that we 

h:>ve here anolh~·· . _ uCt: Of the foct th:>t many technolOgiCal develop-

o:ents of the laat years Gl ve <. greater advantage to the Russians than 

to ourselves, even if ·.-c shoe!ld have initiated the development. It is 

ele:..r, for exam:.~. v.e den:;i ~y of our population oettle~nts 

make• the U. S. far more susceptible to f.Uk:..t .:.ttn:i<s than R..ssia 

is. ~ f~~~:~-type ~~ssian submarine force is &nether case in point. 

:he mini~turizat:on of nucle~r w~oponz opens the~ tor the Russians 

to use tl:ec.in sabotage ar.d other claadestine operations far more 

effecti ·1ely than we con e,·er do in regard to them. Claadestine operations 

against SAC, for e~le, deserve.the fUllest study; the presently-taken 

prec~utions a0>;n"t them c~n easily be nullified. 

•te purpose of this note is mainly to indicate that we should not 

be excl~sively concerned ·Ji~h the new features of future weapons systems. 

We should also try to solve the problems offered by the unconventional 

uses of existing "eapcns. I':. must. ~:>o-. be forgc.tten th:.t SO!IIe decisi·1e 

victories in past hiotor;, reaching far back into antiquity, were 

g:.ined precisely because some imaginative leader thought of a surprising 

use of weapons 11hich in no 11ny differed from those ot his enemy. 
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A balloon attack on this country could, taken by itself, never be 

decisive. This is obvious. But with proper timing, and in combination 

with other forms ot attack, it could produce enormous amounts of con

tusion, tear, and cause large d&mage. It is a particularly unpleasant 

weapon should the nuclear war tend to be prolonged. One recalls the 

Ja~anese balloon attacks which were only a nuisance; but much has 

happened since, and the whole mat~er has taken on entirely new dimensions. 

For that reason, much thought should be g1 ven to the non-convention3.l 

torrll$ ot warfare. 

Hecom:nendation: 

Balloon attacks and other non-conventional tor=s ot warfare should 

be quickly and most thoroughly explored with all. the aid science can 

offer', through ·Jerk-study groups -:omposed of able, il:laginative people, 

and through other effective means. 

- ?5 -

mfr iltiN¥ ... 

0. Morgenstern 
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C-2. DEVELOPHENT OF BREEDER REACTORS 

In response to various requests within the group, I note down 

herevi th, in short form, m:t Vievs on the development of breeder 

reactors in the U. s. 
a. There is not enough tf!35 in the vorld to justify our 

enormous nuclear powr program that vould sustain the future vorld 

econ0m:1 by burning tf!35 as a supplement to fossil tuels. 

b. Utilization of' resources de:oands that we learn hov to burn 

effectively all of the rav ll'.aterials - namely tf!33 and Tb232• Uranium 

and thori= must be thought of as complementary fuels in the same 

senoe that coal and oil are complementary fuels. 

c. The successful development of' rmy breeder reactor to the 

point where it can be duplicated on a large scale for general use 

is a loog and exceedingly difficult technological job. It vill be 

necessary to expend substantial swos of money over many years to 

accocplish this aim, no matter when the program starts. 

d. In the context of' the over all importance to the future of' 

the fuel problem (see Reco~ndation A-3) 1 I do not believe ve are 

devoting er.o:1gh emphasis to the development of' breeder reactors. 

Although some vork has been continuing in this area, the nation' a 

reactor development program does not have as one of' its principal goals 

( . .: 
' . 
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the development of successful breeder systems based on both uranium and 

thorium. 

Reco!ll!!lenda tion: 

The importance of nuclear ~~ctors for the long-term future of the 

fuel logistics problem (A-3) requires that a much greater effort be made 

to develop breeders based on both uranium and thorium. 

- 77 -

816RFP 

R. Chsrpie 

Appendix "C" 
IDA-ARPA S-1 

.. 



• 

iiUHtl Jr 

C • J. t'NDERSEA BEACO!fS 

During our briefings considerable e~ph~sis was given to the problems 

of generating high-power acoustic sources for long-range propagation and 

ranging studies. It appeared that a valucble contribution to these 

general prcblc:s Might be made by the design of a high-power, unattended, 

undersea acoustic beacon, wbose output might be programmed. 

T~ this end the following observations are made: 
..... ·· 

a. Of the pouible ec.ergr sources which su.;gest themselves, only 
_, 

storage cells aod thermal energy from fission products have been con-
. . ::.· .. 

sidered. Oae cannot, at this time, select bet..,een tbelll for lack of 

detailed knowledge covering the stor9ge cell situation. 

b. General llyna::lico has dor.e some experiments on producing 

a.:oustical energy in ~ter with a spark gap source. They have been 

'~rJ successful according to info~t~on which has been received. It 

should be pointed out that app3rently similar expericents at •oods Hole 

. i:.:>.'le not been verJ succe:sful. 

c. The u. s. is now producing enough ce144 in the H~~ford and 

~-,;.nn:>.h Rlver pl'l.'lt w•M.e~ to po·•er several hundred such t~3cons per 

;;cu according to prelimir:uy calculation•. The conceptual be3con 

des~g:> ·•hich h•s be"n considered. has a useful lifeti::e of the order of 

" fe;~ years. Other posoible fiesion produ•:t sources have not been 

~tud!ed. although there ore undoubtedly other satisfactory rgw materials. 
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d. ~z!n; c~ ~a a heat source, and using the required number or 

co;:-~cr-ccno~Mtc.:J. thermocouple Junct:!.or.z, ~.t is readily possible to pro-

duce o. beacon ·•h:ch ct.n che.r~;e edequate c:>po.ci t3llce in paral.lel and, on 

co::.~d, s·•i tch the connections to series and dischnrge the stored 

enerGY into a np~:k. 

e. en the basis of t!:e General. D-JUamics e:<periments mentioned above, 

it ap;c"-t"s po~~~ble to obtain the energy equi.val.er.t of 10-100 pounds or 

::r- ~~th a re;etition rate or the order or one pulse per hour. 

'-'. :he beaccns can :llld C'.lSt be designed to be self-destroying under 

ccr~~:n predete~ned sit~tions. 

:::1 o.dd.:. ti-:>n to the uses o~ s:~ch n sound ~ource for survey and re-

=~o.rch pur;cse~, the following sys~eMS adaptations suggest tr~mselves: 

:!.. .\ :;c"lee-t!=e a!d to ::;:.!:face and sub-surface ll3vigo:t1cns. For 

c::.:.:....."':.Jle, n su'c=i.ne r:JB.Y use the beo.con tor a secondary na·ligaticn sys-

;:::··., .:llld for ~::.e ::l.l!.bration of O':her u:d.ersea acoustics.l gear. 

o. ~ a :u~ c::J.pacity cc~~:!.cnticn link bet~een a deep-lying 

.. .'·~.;; sub=rO.ne ..,d the conticental u. s. 

·..r~ adv:>r.ce t!:-.:;-. syste::l ep:;>llcations only very tentat:vely. 

~~cent ~fo:=at!on coccunicated ~rivately by Dr. •1esner ~nggc3tS 

t!:~~ it :s not a :o.jcr prcble::1 to co~Jr.icate to deep-lying subs rro::1 

t ·. U ~ ( '·' • • .. .., "'QOO'I'' •. e • ,., . i'\,J..~o ~ce .u.n .. ;~~ ~ , A·-~-''"~ "J) .:.~.:- .... ·· .... _ .. ~- . 

- ')') .. 
~ 

The reverse lirti< 
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frolll sui> •·"' u.s. :.s ~p:;:orently ctil.!. an unsolved. pr.oblem. It is noted 

tho.t there are :!.n the ?e.cific :md ln cert:Un :u-ea~ in the Atlantic, 

SC'F.\R ch,.nnclo, i:>y virtue of -~hich "- few :;:oundo cf nrr equivalent 

enerGY c:m be he•,rd for thous:!!ld: of m!les. Accordingly, •Je conceive 

ot: :::n 'I hove he::.rd YO'-' ::.nd will cc:nply \11 tb instructions" signal being 

the ~rincipo.l reqU:recent. 

It is suu;ested th3.t the submarine might communicate \lith the 

::ropoocd beo.con vio. a low intensity signal, and the triggered beo.con 

communicate with the shore vio. o. high intensity signal vhich the sub 

~so he:u-:; thus the sub ~ows that its ::.cknowledgcent of instructions 

:: o.s been tr:::nsmi tted. 

~;~::c:-end:!.!.icns for Furt.!':.er 5t'.ld!.e:;: 

n. rn·1estigo.te the av~lab:!.ll ty ::.nd cap:>ei ty for prod'-lction of 

:e144. (o::;:rr... h!lS been requeoted to investigate this =tter now.) 

b. Investigo.te :;:ossible preli~J designs of a fission product-

c. I:l'leotigate the utilit;r of tl:e under-.1:1.ter s;:ark as an acoustic 

source. Tbe G-oneral Dyna:o!cs and ·,:oods Sole studies could be extended 

:r "· :md b. o.bove suggest interest end fe:l.sibility. 

d. !nvcst:gate the extent to which POL\RI~ locations can communi-

cote w:th the u.s. vi:1 SOFAR ch!!..""'els. Via .\ubrey Price of the Iiavy, 

~/cods liole lAboratory has been re,.ueoted to make o.n exploratory 
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inv~nti;;ot.~o:l of t!ll3 !llStter. Prelim!nary reports indicate a 1':1vorable 

~l.t.u.J.tion. 

It is a rel~tively si~le matter, once a design can be established, 

to build " b:::tter;;-po·,ered mcc:<up cf the proposed beacon and make SO!!Ie 

te~ts in the oce:m. ::hi::: vcU.:.d be ~ straight -fc:-.1ard and short-te= 

experiment for ~ of the estacl:shed laboratories. 

If these ideas appear valuable to DOD and seem feasible, it is 

assw::ed that oper::.tion:ll use voul<! cc dctcr.:l!ncd b;,- appropriate a,-cncics. 

R. Ct.:1rp:e 

G. P. Kruger 
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21 
C -4. !1Ai£RAT::S DU:TOR-

Potenti~ Purposes of the •eapon SysteM 

To p1·ov!de a : .. :!:·:_,., shield about u. s. continental shores, preventing 

penetratio:l b•• enc::t.· zub:::u-!.nes to locations for deli very of IRBM' s on 

U. S. citiea ~~d ::ilitc.ry installations. 

To provide a long range anti-submarine screen for u. s. Naval 

opention:;. 
·· .. ···· . 

- ':: . 

~o s~eep the ocecns of all unfriendly subcersibles and surface ships. 

To att::c:: u:'li'riend:y shore lnstall,.ticn~ fro: great distances. 

To ser·;c as a vehicle for charting oce:m floor::. 

ve:;;.cle 

A ver; hiGh-speed hydrojet torpedo, po~ered by a s::lall nuclear 

reactor. Speeds J.::.:,c 150 ,...not:: or greater are desired. The dia::eter 

of the torpedo need not be restricted to the u~ual 21 inches, because 

ejection fro::~ con·:entlcnal sub::arine torpedo tubes is not essential. 

:he nuclear reactor should be capable of operating for long periods of 

tice. For dual capability for both reccnn!:!iS~!:!nce and attack modes, it 

::~ay be desirable to ha·;e o. capability of asse::blinG the reactor into a 

sC311 nucle~ e;~loslon. 

y Early thic.Y.~nc on thi3 sub~ect vas given in o. S!:!ndia Corporation 
Technical :~c=or::.nd'..ll:l SC'JH 285 58(51) (a. W. (;hepho.rd) 

- lCC:: -
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a. .:. hollling sonar vi th large d!.31:1eter transducer operating at lov 
·'-. 

frequencj', s:1y 1 l:c, c:1pable or distine;uishing subm:J.rines and other eneii\Y 
··.-·.· 

submersibles. 

b. A 3cnsin3 device, if needed, ~~th high pover to distinguish 

sub~ines or other unfriendly submersibles tram marine life and 

possible decoys. 

c. A co~uter (or control system) to: 

(l) E::ecute hot:ine; and disenga&e:ent. 

(2) Respond to ''den' t hooe on me" coded signals rroc friendly 

vessels and sublurines. 

(3) 1-!ske fusl.nt; decisions for attack code. 

(4) 'collect ~ta and transmit cess~-es ror recor~aissance mode, 

and to execute required navigation for per1'orm1ng sw:h trans:lission. 

()) Execute navigat~on e.long predeter:lined s~eep paths, cr 

to.r~et approach paths vhen used ag:linst shore installaticns. 

(6) Respond to cc~·n~ control si~s trcm control static--s. 

d. A navi~ation device to execute sveep paths or predeter:lined 

c curses, except vhen interrupted by hocl.ne; operations, vith capability 

of resuming sweep vhe~ ho~n3 is disengn;eda 

c. Suit:J.blc trans~itters ~~d receivers . 

f. Appropriate rus:n~ and S:J.fing devices for attack mode. 
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~· A suit:tble self-destruct deyice. 

h. A ~enerntor, i~elled by movement of the torpedo, and electricity 

stor~c for needed electric po~er. 

Opernt:.on 

The control of s·.-eep paths and receipt of messages in the ·reconnais-

sa.nce mode =Y be e::<ecuted from shore b:.ses or marine pickets, suitably 

located to provide a marine shield about u. S. continental shores or to 

interce;>t e:d t from unfriendly shore installations, Such locations rtJB;t 

be 'Jidely se.:arated, because the reactor bydrojet cay presucably operate 

for lone fCriods of ti~e vithout service or replnce:ents. 

3efo~c actual outbre~ of hostilities it is probably essential to 

use tl':e ve!".!.cle o:l.ly in t!:.e reconnaiss::~nce ::10de. Here several alterns.-

tives ere a":parently av~.ilable. Tllo of t!lese alternatives ere: 

a. i:Cen a ~ub:nrice is detected !l:ld hoced upon, !L\U:R..\TI:S =Y 

tr.nsc.i t a "arnins of the presence of the sub!!lal'ine and cclltinue upon 

1 t& sweep po.th. 

b. Cr, the recon:'lai~~e..'lce tor.,edo :nay continue to tail the 

subt::ll'ine ·,ri th inter::>.i ttent tr:l.'lS::Iisoion of vsrning :nessa<;es. 

Durin(> .;.ericds of hicb ris::, before hostil1tie~, ~ub::~:>rine 

approaches to our ~heres for deliver-J of I~~·s may be declared restricted 

oce"' ~ene, ~'ld "hen the V3rhead option may be put into effect vith u. s. 
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aab::~..•.rlnc3 rrotcc ~eel b;r ''don't hooe on :ne'' slgno.ls. Shore-bs.sed anci' 

marine-:ltatior.ed cissiles and airborne wc~pons may be uocd, alternately~ 
1 ·, ', 

Tae ha:ards of calfunction nsso:iated vith the warhead option may 

be minimized by uo~ns the system in the reconnaissance modes during the 

early st3ges of developcent and operation. Bu.t it may be advisable, 

·- eventually 1 to introduce the warhead option. 

Tne reconnaissance vehicle may be integrated vith long-range 

listening oper<Ltions, if the latter are e1'1"ecti vely av<lilable. Then 

RAU:~S ::J:zy be sent o·ter long distances fro:: listening stations to 

suspected targets at speeds 5-10 ti~es greater than other vessels or 

sub~ines (excepting hydrofoil surface craft), vith capabilities of 

in·test.iga~.:.ng potential sub::er::;ed targets not available by aircraft 

or surf:!.ce ships. Alrlirt~ng to search area 'I:Sj be :;:crfcrmed, !.! 

neec!ed. In either case, the se::rch tot'l"!do may be progrs-•d. or 

cc-•nd signa.led to retu.-n to base, if £earch fails to yield a target. 

If a target ls located, it :JS."J be attacked by the search ·.reapon, air-

craft, or by shore-or carine-based missiles. 

Randcm oove~ent abo~t. predeter~ned cean sveep paths may be 

efficient, end even una,·oidnble due to the existence of carine life 

not distinzuish:3.ble a: fa~se t<Lrgets in the early stages of a hoeing 

oper~ticn. If conztant bearing D<lvigntion is used, the possible in-

creased dispersion or the search torpedoes at the end of the sveep path 
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will h~ve to be ncccmmodated by some dispersal of pickets and use of 

co:mn~nd signals. Inertial n3.vig3.tion, preprogrammed, may possibly be 

w;ed, since the envirom::ent and response times required seem commen- . 

surate with existing or near fUture technology. Random movements may 

be superposed on the inert~3.l navigation during the search operation. 

An employt:ent of NAU::RA'l'f:S in regular, defeosi ve shield-like 

reconnaissance sweep paths over long distances 1S probably desirable, 
·:-: 

but the exact patterns which may be most e1'f'1c1ent need detailed study. 

Intercittent high-speed cruising and low-speed listening may and, per-

haps, must be used to secure for the search torpedo a substaotial radius 

of detection. Sonar search presents ne~ problems at high speeds, par

ticularly if the vehicle is traveling essentially in a bubble. If 

exteosi ve ene""' submuine action 1S clearly indicated, large nucbers 

of search toi'l'edoes, preferably with warhead option, may be used to 

sweep ocean approaches. 

llaval task forces, including ?OU\RIS-a=d sub=rioes, might obtain 

long-range defense againzt att~~~ng anti-sub:arine subcarines armed 

with missiles, by deploy:ent of !IAU::RATES in spiral search patterns, 

and by sending th, . ..l against possible t:l.rgets 1dent1!ied by long-range 

listening de•.•i.ce~. In both cases it may be desirable to use the attack 

option nr. the ,-~.,?.,..,. .. 1ssaoce veh:!.cle. Also, NAU::RA!ES may be deployed 

to swe<:r. ,,,,.,.~ ~:dds, if the homing and ~cnsine; devices are adapted to 

this kind , -· atto.d<. 
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As • 1~~~ thoUGht: it may be possible to use such a reconnaissance 

torpedo to chart the ocean floors, if sultnbly.instrumented and suf

ficien-..ly accurate inerttal. devtces are available to determine the exact 
·.-·-·· ... ~ ... ~·· 

location of sweep paths made. 

Significant Pnraceters 

A very roUGh calculation of system effectiveness will serve to 

indicate significant parameters and provide a simplified basis 'for 

Judging the worth of the system. 

Consider a sweep between two points, A and B, separated by a dis-

tance d1 ez indicated in Figure 11 and confine the calculation to a 

plane configuration. 

v 
T c 

Figurel 

0 

R 
s 

A. __________ ..;_ __________ .• B 

s 

~-----------~d. ______________ ~ 
Assume that the ene~ sub~ine follows the strategy of crossing 

the sweep path at right Mgles with uniform velocity V 
6

• 

the lock-on radius of the torpedo homing device; treat R 
s 

- 107 -
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Let R denote 
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as a sure 
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r::• :·, . 

. ::- ·. '.:~ 
._._. 
'·· .. 

'<~~ . --~ 
n:ur.ber {i.e., no~ as a rendoc variable) and assume kill is made it the 

submarine is caUGht vi thin a distance R of the s~~eep torpedo. 
s 

The subset of points on the line AB for location of the torpedo 
_"jj 

where kill can be J::ade is n::proximatel,y the segxnent CO where 

• v 
T 

,I ••• 

·.- , .. -. . _._ .... --

:-:_ . 
----~·-- ..·-.-·:.··· 

.: .. ;~--~it_. :i: 
and the torpedo and submarine are taken to be moving in the direction 

indicated. This subset of points rel:lains the same, if the direction of 

detection is restricted to the forward semi-circle. 

Then, if, at the tice the sub::>a..."'ine starts to cross the S"Jeep path 

at a distance R
5 

frcm the path, the positions of the torpedo on !ts 

s~~eep path are e«Ui-li.kely, the survival probability of the suhmarine 

is approxicately 

1 s 
-d-

v 
T 

v; 

.1 EY.:l.Ctly1 to the :::P..;.-·e~t CO ::u:::t be sdde:l 3. line segce:1t to the right 
of 0, starting at 0 end cf length 

X • R
" 

/ v 
T 

2 
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For N such crossings, taken independently, the over-all kill probability 

P approximately satisfies: 
K ,-

1 

l 
2 R s 

d 

:II 

Solve this equo.tion for ;r to get approxicately: 

log (1 - PK) 
N: 

--------------~----------

log 1 -

., 
v ' T . __ I 

v ' s 

If the torpedo ea.n travel 5 ti::es as fast as tl.e enec;y sub:na.rine (i.e., 

.V 
T 
-- • 5), R • 5 no.utical :Iiles, d • 1500 n:wtieal miles, and systez: 
vs s 

' .. 

effectiveness is set at PK • 0.9, the requ!.red n=ber of search torpedoes 

is 
il • lo:; r) -ll • 1 • 68 

1o5 o.957 o.ol4b 
For a svee:;> dist::.nce of 3000 no.utical J:liles the nu::lber required is 

11 : log (0.1) 
log (0.98) 

• 1 • 110 • 
0.009 

It the lock-on radius or the torpedo hc:ll.ng device can be increased to 

10 n:>.utical miles, or the toi:-pedo can travel 10 times as fast as the 
v 

suboarine (i.e., R or T are &T~bled), the n=ber ot torpedoes re
S li" 

. s 
qui red tor 1500 a>ld 3000 nautical mile s·.reeps are 33 and 68 respectively • 

- 1C9 -
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Thic si:nple (very rouc;.'l) calculation illustrates the significance and 

approxi=te role of SO!Ce of the syste:n parameters. Relative velocity of 

torpedo and target subaarine is ill!porto.nt. The number of search tor
y 

pedoes required is al:nost inversely proportional to T ; also, approxi-
R -v-

mately inversely proportio~ to S . (Intuition suss§sts that system . a-
effectiveness depends upon :1, VT' v

5
, d and R

5
.) The foregoing calculation 

serves to indicate the nature of this dependence and to give approximate 

values cf !I for various values ,.r .;ome of the obvious component perform-

ances end operational parameters. 

The numbers 68/33 and ll0/68, for n=bers of torpedoes required to 

kill 9 out of 10 attacking sub=rines, taken alone, do not pro·tide com-

parative interpretations, except perhaps to indicate that an effective 

d.efense llee:DS possible, assu:ning,. of course, that co::zpcnents cen be 

designed to operate reliably with the perfo~es pres~ed by the values 

tal<en for R , V , and v
5

• More will be said, later, about component 
5 T 

perfcr=ces and the rel11ted re:earch and develop::ent preble=. 

Ho·•ever, core understanding of the potential of IlAU:RATES can be 

obtained b7 co~arison with conceivable alternative defense syste= 

e:~rcosed in co~:~parable s~le ter:os. 

Suppose th:>t the ci<!fense against sub=ines is to be obtained by 

plecin~ stationary, atomic mines along the sveep path, vhich have the 

propert7 thai, if a submarine approaches within a distance R to a mine, 
5 

the presence of the sub=ine is detected and distinguished from other 

- llO -
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objecte, tte mine is detonated and has a nuclear yield sutticient to 

destroy the subm.o.rine. Then for a kill pr~babili ty of 0. 9 and for R
8 

equal to 5 and 10 nautic..J. mles, the approxi=te atol:l.ic yields required 

for the mines are 1. 2 Mr :.nd 5. 5 !·~ respect! vely, while the yield needed 

for !I AU: r.\:35, 1 f used in an at tack mode, would be in the very low 

kiloton ran,;e. T'ne number of l:l.i:tes needed for defense lines of length 

d = 1500 and d : 3000 nautical miles are 135/68 and 270/136 respectively, 

corresponding to an R of 5/lO nautical miles. In these terms the search s .... · .. ·· .. , ·. 
torpedo coa;;>ares Yery favorably. For the purely reconnaissance mode, 

this cct:>p:UO:.son ::;ay still be valid, and even core favorable, if the 

positive detecticn radius of stationary posts is not greater than the 

homi112; detection r:>.dius of the search torpedo - which is lJJ<ely, because 

the homing operation involves an integration of information. Also, fixed 

pests cay be ::Y.>re vulr.erable to destz-...:t!on. 

Consider still another comparison, b,y &~~posing that subc3rines are 

posted uc4ervater in fixed positions on the defense line, and equipped 

With a ::l!ssile which can be fired out of the water along a ballistic air 

path to an t::ldei"J:lter target at remcte distance (e.g., sub-roc). If 

the cffect:·te t:.rget location range is R nautical miles, giving the s 
lerger defensive sub=arine vehicle the benefit of sufficiently acc~ate 

target identification and location at the homing r3.Dge of !lAU::M:I::::S, and, 

perh~ps, using l~zer ~-rhesd nuclear yields than that required for the 

search to~edo, the number of stationary picket submarines required for 

:l kill probability of 0.9 is the same as that for the mines. Again, 

- J.ll -
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the nucle,.r-.:;.ovcred, hydroJet, search torpedo compares favorably, even 11' 

the effec-:.i ve •e.rset location nmge of the defensive subms.O.ne is taken 

as 2 R , bec~uce the greater speed of the torpedo makes it potentially 
s 

a better reconnaissance vehicle • 

None of the foregoing comparisons adequately establish the system 

effectiveness of NAU:RATES, but they do suggest that it is worthvhile 

to undertake a detailed analysis of the system, b;y extending the con-
-~-. -· 

sideration of relevant par&~:~eters, defining both performance ot com-
-~ ' '""' 

ponents and operational characteristics. Also, integration of the 

weapon w1 th friendly submar'..nes deployed as defense centers should be 

considered. Then the desirability, directions and extent of research 

and de·relop,.,nt en nuclenr h;ydroJet, homing and sensing devices, com

puters 3%ld navigntion equipr.ent can be ev82uated. 

Suggestion3 tor Further 8ysteo Study 

The foregoing siople calculations were made tor onl;y one use of 

the proposed weapon (i.e., sweep along a defensive line) on a highl;y-

idealized basis, as~~ng that the probabilities of survival across 

e!!.Ch of the N paths were independent. A !!!Ore realistic calculation 

ot s;ysteo effectiveness is des~ra~le, considering the various con-

testing strategies of sub=rine penetration and countermeasures, 

patterns of s·Jeep paths and relative locations of torpc~cz on the 

paths, with proper accountinG made of operational difficulties. Also, 

it is essential that cor.parisons be made with existing and alternative 

syste:ns. 

.• 
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For example, the enemy submarine may listen tor the torpedo (undoubtedly 

it will be noisy), decoy it to search away trom its location, and proceed 

to attempt penetration across the defended area, vhich may put additional. 

requirements upon the detection and sensing equipment of the tqrpedo - or, 

it may be necessary to deploy the search weapon tro111 de fens! ve submarines 

or shore bases equipped vi th long-range listening devic'!~, and program 

t.~e torpedo to search in a specified area. 
·~ ·-.~~::·~:~.:.:·. 

·. <~~·;;. <.:.:.!.: .. _. ... 
Tone peacet~ reconnaissance role of the system merits detailed st~ 

and ev:lluation as to logistic cocplexi ty (for g1 ven ertecth•eness) in 

co=parison vith other systecs. Does the proposed systea provide a basis 

for constant defensive readiness which cannot be provided by present and 

~reposed equipcent, by seekin~ out and tracking sub~!nes for long periods 

of til::e? What iS the v,.,,,., <:>f a.., e;ct;ensi ve recor:naissS!Ice systea, IJbich 

~tself cay ~uraish strlking po·-er to the defense? 

Toere Will, undoubtedly, be interactions between the par3:eters 

described in the previous sectio:1. For exa::rple, range of detection may 

.decrease with torpedo velocity. Such interactions should be introduced 

into a study of contesting sub=arine and torpedo strategies, so that 

evaluation csy be made of the des~red degree of increasing c01:1ponent 

;erfor:r.·nces. What· advantages are obtained from higher and higher 

torpedo velocities? 

- 113 -
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Regardless of the merits of the proposed reconnaissance and anti-

submarine defense sy~tem, certain areas of research are indicated, vhich 

seem ~orthwhile on oener~l ground$. 

a. Design of ~ucle~r Reactor Dydrojet Motor 

SOI:ethin~; like 15 cega·.mtts of thermal energy vil1 be required 

for speeds greater than 100 knots. It appears that about 50 ll ters of 

.. -. .,. .. 

·- ~~ 

reactor voluce vill provide this po-.rer. 
.. ~ .,;· ... 

Considerable research on the design of the reactor power plant 

appears to be desirable. For the use intended, shielding is not 

csoential. But high p~oers and long running times are needed. Studies 

on corrosion of reactor elecents are required, particularly at the high 

runnir.c; tecperaturs vh!ch CAY be e::~countered. Bov can the salts of the 

sea be kept from deposltion on the reactor elements until e:dtted from 

·the Jet nozzle-: Can sufficient power be obt:Uned in a reasonable size 

to drive the torpedo at 200 knots - the ans11er to this question a?pears 

to be yes, but corro:or:.ting research is neeo. 1. In viev of the tre-

~endcus advances in reliable, coQpcct, long-rnnge propulsion syste~, 

ecph~sized ty the recent dramatic l~UTILUS trip, it seems appr~riate 

to ini tj ate ••cr<: en ,_., untr:>.:o~act reactor or the type needed for 

!!Alr.!1A:'E<i D:.'CIOR. 

b. l!ydrodyn!:!llic Control 

At speeds better than 100 1-.notQ, the degree or cavitation vill 

be such that the torpedo may be lereely traveling in a bulible. Whnt 

. 11'• -
zit! 8- 'ij!' 
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sh,.pes m..':' be used ~o cillim1ze the control problems? Can Jets be used? 

How are sW. table control surfaces obtained? These questions suggest 

extcnsl ~ hydrodynsm1c studies tor very fo.s t travelins submerged bodies. 

c. Flow lloi3e · 

At the speeds conte~l~tc~, the dominant noise appears to be 

flow noise. Research on the flow noise associated with very fast travel-

ins subcerged shapes is needed. What are the charact<lristic levels and 

t're~~encies? Also, since the torpedo may be almost a tully cavitating 

body, what are the noise characteristics associated with this cavitation? 

d. !!OI:Iill6 J.lec ho.ni s:n 

It sonar is ccnte~lated tor the b.o:ning device, which seems 

lllely, maoy i'roblems arise. What vibrations are imparted to the trans-

ducer? Can it operate in the presence ot the tlov and cavitation noises 

associated 'oli th o;ery fast tra~lins to%1'edoes? !-lust there be frequent 

short interrals of low-s;:oeed listelling? Are the v!lriations of tlov and 

cavi taticn noises su1't1c!endy random to be integrated out or the return 

signals received by the hcm!ng scll3ri Ohat size or transducer is needed 

to give desired hoeing r&ll6eS? :lone ot these proble:ns appear to be in-

surcountable, but extensive research is needed tor their solution, and 

these studies should 0e clocely integrated w1th those suggested in ~· 

:ul.d c:. abovl!. 

e. navigation 

The responee t!mes required appear to tall within the current 

- 115 -
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and near future state of the arts on inertial devices, particularly it 

the speed of the torpedo is decreased during the homing operation. 

t. Computer 

Considerable research is indicated tor the computer control 

system. The exnct characteristics will depend upon the operations to 

·be performed, and the possible functioning of this system has been 

indicated above in the section on supporting equipment. The effects 

of the r..diatiOll field of the reactor on the computer c:llllponents need 

to be studied. 

In all of thP.se research areas some vork has been done, w1 th 

the exception, perhaps, of the cocputer. But the research eftort 

appears to need considerable extension. The Ordnance Research Labora-

tory and the Undervater Sound Laboratory of the Navy are doing research 

on Flov !Ioise and Hoeing Scnars. Areojet has done vork on chemical 

hydro Jet for the IlaV'J. But these eftorts need considerable extension 

to meet the pertor.nances proposed for NAU::RA:rES. Oak Ridge has done 

considerable vork on s~ reactors, but not related to salt water 

hydro jets. The vri ter is not avare of any research being done on the 

computer or the hydr~c control probleMS of almost fully cavitating 

bodies. 

It is suggested that existing Naval contractors and facilities 

be supported in extending their vork to cover the research areas in-

dicated above. Oak Ridge ma:,r be asked to do vork on the reactor. 
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S':ecific Rccor::::lendaticn: 

The most sdv--nced thinking at AEC national laboratories end elsewhere 
... . L.:. 

on ultrac~act reactors should be sought out by the appropriate agency 

and used to make preli~nary ccnceptual design studies ot a lQO-knot to 
.-:. 

25Q-knot hydrojet tocyedo, "o'itb a view to early initiation ot further 
,.,._. 

appropriate supporting research and evaluation ot a weapons system built. 
•. ! • .. -.-· 

on such torpedoes, tor an antisubl:>arine shield about the U. s. and tor 

other military purposes. 

• U7-

•SS&vn&Z 

Ronald \1. Shephard 
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D. PARTICIPATION IN PROJECT 137 
_,._ 

·, . .;-. __ , . 
,. 

D-1. MElGERSHIP OF PROJECT 137 
. . 

Dr. Robert Cbarpie, Associate Director, Oak Ridge :rational !..abnratory, 
Oak Ridge, Tennessee 

Mr. N. Christofilos, Group Leader, Radiation Laboratory, University 
or California, Li ve:rmore 1 Calif. 

Dr. Val Fitch, Assistant Professor of' Physics, Princeton University, 
Princeton, Nev Jersey 

Dr. Glen Fowler, Director of' Research, Sandia Corporation 
Albuquerque, Nev Mexico 

Dr, Paul Garabedian, Professor of' Mathecatics, Stanford Univ01rsity, 
Stanford, California (kindly re
leased for the time of this study 
·by the Office of Na·;al Research, 
London Branch, vith which l:e is 
at present serv1~ on leav.. from 
Sta:.tord) 

D:-. J.:arv1n Golcrberger, Professor of' Physics, Princeton University, 
Princeton, !lew Jersey 

Dr. Ro"t:e·rt Joyce, Associate Di rectnr, Central Research Departt:ent 
Le'borstorJ, Experimental Station, 
:::. I. du Pont de Nemours and Co., 
~lil!:Ungton 1 Delaware 

Dr. P. Gerald K:r..tger, Professor of Phy:ics, University of Illinois, 
Urbnna, Illinois 

:Lir. 'rh:r.tas Laurit:en, Professor of Physics, California Institute of 
Teclu:oloQ", Pasader:a, California 

· Dr. Carl :1. l'.ar-1el, Profes3cr of Cl:e:.is~ry, University of Illinois, 
Urba.-,o., Illinois 

Dr. llicl:olas Hetropolis, Professor of 11athematics, Institute for 
Computer Research, University of 
Chicago, Chie"8o, Illinois 

Iir. Oeltar !·!c:.r;;cnstern, Professor or Economies, Princeton University, 
Princeton, Nev Jersey 
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Dr. Isidor Perlman, Proteasor of Chemistry, University of C~i!ornia, 

Berkeley, California 

Dr. Frederick Reines, Group Leader, Los Alllll:Os Scientific Laboratory, 
Los Alamos, Nev Mexico 

Dr. P.oniLld Shephard, Profeseor of Statistica, University of California, 
Berkeley, California 

--.·. 

Dr. Narvin Stern, Assistant to the Vice President; General Dynamics 
Corp., 445 Park Avenue, Nev York, N.Y. 

Dr. ~~el Trieman, Associate Professor of Physics, Princeton 
University, Princeton, Nev Jersey 

Dr. Frederick to:all, Professor of Chemistry a:>.d Dean of the Graduate 
School, University o:' Illinois, 
Urbana, Illinois 

Dr. Ker-_.,etb lo:atson, Professor of Physics, University of California, 
Berkeley, California 

Dr. Jol:.n A. Wheeler, Professor of Phy::ics, Princeton University, 
Princeton, Nev Jersey 

Dr. EuGene P. Wigner, Frofessor of Physics, Princeton University, 
Princeton, Nev Jersey 

Dr. Th=a Y:psilanLis, Professor of Physics, University of California, 
Berkeley, California 

Participants from the Depe.rt:ent of Defense 

·)):, P.ichard l·:eiss, Actil:lg Ch.ief Scientist, u. s. Arrrry 

Dr. Joechil:l Weyl, Chief Scien~ist, Office or !laval Research 

Col. Taylor Drysdale, Division of Advsz:ced Planning, U. S. Air Force 

Dr. Orr P.~;nolds, Office or the Assistant Secretary tor Research 
and EngineerinG 
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D-2. BRIE:''UTGS 

The following list is baaed upon the advance program :;>lus minor 
changes and therefore does not reflect all of the last mi~ute changes 
made in the program nor list all who participated, especially those 
who helped by way of spec.i!ll. visits and providing special data. 

14 July OPENII!G SESSIO!I 

Remarks by Mr. Roy Johnson, Director, ARPA; MaJ. Gen. Ja:nes McCormack, 
IDA; Dr. Albert G. lUll, WSEG; and Prof. John,\, o'heeler, Princeton. 

~ey Defense Problems RAdn J. T. Hayward, AC!IO (R&D) 

AJ;TISUE:·!AP.lliE W ARF AllE 

USN ~er3tion!ll. C3p3b1lities 
in AS.l 

Task Force Alfa Op~rations 

Propose~ Appro&cb to AS.l 

15 .Jul·r 

Prob!~ of n~tio-~1 De!en:c 

Issues F~cing Arcy P~ 

~~ ~. E. Weakley, ASW 
.he~.U.iness 

RAe.::! J. S. Thach, Cc=ander TFA 

Cdr C. E. Bishop, OHR 

Prof. F "- Hunt, Harvard 
(al.sc VAdm J. G. Cooper, 
VAd::l F. T. Watkins, Dr. 
Paul Siple Cc.pt ::U.c!:lard 
Holden) 

Dr. Herbert York, A."J'.\ 

Dr. A. G. lUll, <JSEG 

Dr. William H. Hartin, OSA R&D 

!-!0'.1 CA:i l!ASSIVE QU}I.;mTIES 0!' ru::t BE P!':OV!DED FOR FIELD USE 

Future A~ Oreaniza~ion ~~~ 
:lequi::-c:::cnt 

Superior Enerrr,r Sourcec 

• 139 . 

Lt. Col. W. K. Bencett, ODCS, 
for Army 

Col. C. \i. C'l:trk, Chief of ORO 
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16 July 

MaJor I~sues Facing Air Force 
R&D 

Warning and Response 

Mr. Richard Horner, SAFPJl 

~laJ, Gen.· J, H. Walsh, USAF, 
Asst. Chief of Staff for 
Intelligence 

BALLISTIC MISSILE A:m ADVAECED PROBLEI-!S 

Urgent B:>.llistie !.UssUes a.nd 
Advanced Problems 

Col. Eduard H:>.ll, AF Bl1 Div. 

' .' 

. _·,,:__:. 

17 July 

l·•.r Defen~e in an Electronics 
Counte~e~ourc~ Enviro~~e~t 

l~ucle:u- Icebre:;Jo;er 

roB .. liS Co=unico.tion P ro~le::1 

-::-A/SSt: Go~.mic:~.tion ~d. 
!de!'ltii'icn.~io:t 

Cdr Jo~~ G. Fisher, WSEG 

Dr. Allen 'Tine, Woods Role Lab. 

Capt • .J. D. Veazey, SF ProJect 

Capt. 11. C. Lynch, Ccdr. 
SD Group 2 

t'} J'ul ~.~ ~~·rf CGi-I3AT SURVEII.LA:iCE A:!D CC:•:-ru?I!C/SIO!JS 

~·..r::1y Co:=u..,ic:l:tion.c ct!.d ':'ar3et 
,:,cqlol1Zi~1on 

Cri+.1c~ Pequire=ents, World-vide 
~o::nuri·:a.tirms 

Co::r:ru.nica.tions ii, Li. :·tobile Ar.:ry 

Applico.t~on of lleuro.l Processes 
t·:) Co=unico.t.ions 

- 140 -

Col. !ieorge Rertz, USACSA 

ll.r. Cliffor! D, Hay, SIG 

l~.r. H. Paoer 

Dr. D. McK. R1och, Walter Reed 

Appendix "D11 

IDA-Al1PA S-1 



I 

' 

I 

> 

·""' 

21 July HEll Ill BATTLE 

B~ttlefield Surveillance and 
Other Urzent Problems 

Exper~er.tal Development or 
Tactics ~d Doctrine 

Cod:>at Simulation, War Gaming 

22 July 

~rgcnt Froble~s of Army Basic 
~~cc:1.rch 

Lt. Gen. A.-thur G. Trudeau, 
CllDUSA 

Brig. Gen. Gibb, CDEC 

Dr. Phillip Lo;.-ry, ORO 

Dr. Lynn E. Eaker, OCRD 

Dr. Ellis :ohnson, ORO 

-:·· ... ··.· ... 

iii:::{ FO:?.l·IS OF WA."J'.'lJlE 

C".i !l.."ld !3!-1 Uses 

?5ychcche~cil AJ~nts ~d 
:\..:tidotc3 

Spcci~. D~vic'!s 

~-j Jul•r 

:~enir.:; .su:t:--1r..~ Ce;pZ!-
1:i!it:!":!:; ::-:.:t:~er:t~!on 

··.-:~n't er:..::>.!.ved !'r:.:~!.~: ;,! 
G!.•tili:l.'"l Ce!en::e 

i:.; necc~rch AJequat~ 1& ~~or.-
1-~ili tar; Deren~~? 

DE:FE!TSE 

f.:rr'A P~OE!.:::·IS 

~b.J. Gen. W, H. Creasy, C'iiS 

Dr. Silver, ~i L3borato~ies 

Dr. I't·en !'rcvr.!.cg _!!!ld Dr. David 
C. Will!~, Sandia Cor?oration 

Dr. :rerca:1 Kahn, ?o.nd Corp. (with 
Dr. A. J. Clart, Dr. L. D. Berkcvit~ 
~1 Dr. H. Ro~en) 

Dr. !.~ur!'tzc: T.:.ylor, ::3.tional 
Acad~ or Sciences Co=cittee on 
Civilian Defense (with Dr. Richard 
Park and Dr. stea Kruegel) 

l•lr. Gerha~t Ple1ken, IIASCCD 3nd 
Jo!".n Haz:cock Hutual Life Incur""...nce 
Cocpany 

l~r. David A. Yow:g, ARPA 
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Projec~ ~iver St;A 

:·: July 

"Bi; Dish'' - Proble:::s and 
Possibilitieo 

-
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